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PREFACE 


so 


Ir is some years since a complete textbook of Chemical Physiology has 
appeared in the English language, and the rapid strides that have been 
made in this department of science appear to me to justify the produc- 
tion of a new work on the subject. It is with the object of filling this 
gap in our literature that I have written this book. 

I have selected the title Chemical Physiology in preference to that 
of Physiological Chemistry, as the subjects are treated rather from the 
point of view of their function in the body, than from that of their 
chemical relationships to one another ; hence the book deals with a 
department of Physiology more than with a department of Chemistry. 

I have added the words ‘and Pathology’ to the title, as I have 
endeavoured to include the chief facts in relation to the blood, urine, 
and tissues which have a chemico-pathological bearing. I am in hopes 
that the book may be not only useful to students of physiology, and 
those pursuing original investigations in chemical physiology, but also 
to the student of practical medicine and the medical practitioner. 

In the preparation of this volume I have received much help from 
a large number of friends, among whom I would especially mention 
Prof. Scuirer, to whom I owe a number of valuable suggestions 
and references ; Dr. Sipvzy Martin, who read my manuscript of the 
chapters on proteids, foods, diet, and pathological urines, and made 
both corrections and suggestions ; Dr. MacMuny, who kindly read the 
proofs of the sections relating to the pigments of the bile and urine, 
and Dr. R. N. Wotrexven, who generously placed in my hands the 
manuscript of a number of valuable tables relating to the urine ; these 
have formed the basis of the tables given on pp. 712 to 713, 716 to 
719, 745 to 746, and 784 to 785. 

The books and original monographs that have been consulted have 
been very numerous. I believe it will be found that in all cases I have 
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given my authority for any statements 1 have made, and I take this 
opportunity of thanking all those who have unwittingly, by their 
researches and writings, thus aided me in the production of this 
volume. 

The illustrations are also culled from various sources, and I have 
to thank the following authors and publishers for the loan of blocks, 
or for permission to use certain illustrations: Dr. Duprt, Prof. M. 
Foster, Mr. A. W. Gerrarp, Mr. C. E. Groves, Prof. McKEnprick, 
Prof. Scnirer, Dr. Scnuncx, Mr. F. Surron ; the Council of the 
Chemical Society ; Messrs. Cxurcuttt, Messrs. ENGELMANN of Leipzig, 
Messrs. MacmiLian, Messrs. VieweG and Son of Brunswick, and Mr. 
Hawkstey. 

The duty of reading the proof sheets hus been greatly lightened for 
me by my friend Mr. C. J. Martin, B.Sc., Demonstrator of Physiology 
in King’s College, who read the final revises, and I have to thank him 
for many valuable suggestions and alterations. 


W. D. HALLIBURTON. 


Kinc’s COLLEGE: 
October 1, 1890. 
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PART I 


METHODS OF RESEARCH AND ANALYSIS 


CHAPTER T 
APPARATUS, REAGENTS, WEIGHTS AND MEASURES 


Tue methods of analysis of, and modes of examining the substances of 
which the body is composed vary a good deal from those ordinarily 
employed in chemistry. An examination of a living tissue by purely 
chemical means is well-nigh impossible, as the reagents used will be 
almost certain to destroy the life of the tissue in question. Hence 
some of the methods adopted by the physiologist differ markedly from 
those of the chemist : for instance, he may experiment upon himself or 
upon animals, giving certain foods or drugs by the mouth, and exanrin- 
ing the result in the alimentary canal or their effect on the urine and 
other excretions ; again, he may attempt to imitate after death the con- 
ditions which obtain during life, and so conduct experiments upon 
ferment action, the changes in cells, and so on. The physiologist has 
todeal very largely with an important class of substances known as 
albuminous or proteid ; these require certain special methods of investi- 
gation which are but rarely used in the work of ordinary chemistry ; 
and then the physiologist avails himself of certain physical apparatus, 
such as the spectroscope, polariseope, &e., which give material help in 
the elucidation of chemical problems. 

The reader must consult some special book on analytical chemistry 
for full details respecting analytical methods. The present chapters 
(Part I.) form a mere sketch of the chief operations performed in 
chemical investigation, those specially available for physiological work 
being dwelt on rather more fully. 


WEIGHTS AND MEASURES 
The weights and measures usually employed in science are those of 
the metric system ; but, as the practical physician still uses very largely 
English grains and ounces, we give here both systems. 
Weights. 
(English System.) 


1 grain = 00648 gramme 
1 ounce =437-5 grains. == -2k'3495 zrammes 
1 1b, = 16 07. = 7,000 grains = 
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REAGENTS AND APPARATUS 


The reayents chiefly employed are distilled water, physiological 
saline solution (06 per cent. NaCl), alcohol, ether, glycerine, the 
mineral acids, acetic, oxalic and tannic acids, potash, soda, ammonia, 
lime water, baryta water, silver nitrate, barium chloride, lead acetate, 
copper sulphate, mercuric chloride, sodium chloride, carbonate and sul- 
phate, magnesium sulphate, the carbonate, chloride, molybdate, oxalate, 
sulphide and sulphate of ammonium, é&. &c. 

Normal Solutions used in analysis are of such a strength that 1 litre 
at 15°C. contains the hydrogen equivalent of the reagent in grammes. 
A normal solution of hydrochloric acid, for instance, will contain 
(H=1+Cl=35-5=36-5) 36°5 grammes of the acid in a litre of water. 
Or in the case of caustic soda, NaHO (Na=23+H=1+0=16), 
40 grammes must be present in the litre. In the case of a bivalent 
substance the equivalent is half the atomic or molecular weight ; thus 
a normal solution of oxalic acid which is dibasic (C,H,0, +H,0 =126) 
contains 63 instead of 126 grammes dissolved in the litre. 

Decinormal solutions are ;'j, and centinormal solutions 7} of the 
strength of normal solutions. 

Empirical Standard Solutions ave generally constructed so that 
1 c.c. corresponds to 0-01 gramme (1 centigramme) of the substance to 
be estimated. 

The Apparatus necessary consists of the ordinary appliances of the 
chemical laboratory : test-tubes, beakers, flasks, funnels, filters, dishes 
and crucibles, stirring rods, pestle and mortar, wash-bottles, retorts. 
pipettes, blow-pipe, balance, air and water-baths, exsiccators, mea- 
sures, &¢., and in addition certain forms of apparatus which are more 
fully described in subsequent chapters, such as microscope, spectroscope, 
polarimeter, dialyser, apparatus for gas analysis and for combustions, 
specific gravity bottles, urinometers, &c. &c, In addition, apparatus 
for the manufacture of carbonic acid, sulphuretted hydrogen, and other 
gases, is ofter needes1. 
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phoric acid in the urine ; a measured amount of urine is rendered acid 
and boiled, and to it is added frum a burette, a solution of known 
strength of uranium acetate (which for accuracy has been previeusly 
titrated! with a standard solution of sodium phosphate) ; the result of 
this is the formation of a compound of the uranium with the ph: sphoric 
acil, and this compound, called uranium phosphate, is insuluble in hot 
acid urine, and so a precipitate occurs. The precipitate, which is 
yellowish-white in colour, continues to form until all phospheric acid 
is combined. When the precipitate ceases to form, one knows that 
there is no more phosphoric acid in solution, and if one adds more 
uranium acetate it will be left uncombined and free. Cme's object 
then is to add just sufficient of the standard sulution to precipitate all 
the phosphoric acid. The volume of urine originally taken is known, 
the strength of the standard solution is known, and the amount of the 
standard solution that has been used can be ascertained by reading the 
burette.? It is, however, difficult to determine by the eve when pre- 
cipitation is finished ; <n indicator is therefore used to detect any 
excess of the uranium salt; this is done by testing a drup of the 
mixture with a drop of potassium ferrucyanide un a white porcelain 
plate or testing-slab ; this gives a reddish-brown precipitate with any 
uranium salt not combined with phosphoric acid. The appearance of 
such a brown precipitate indicates the end of the reaction. 

As an example, suppose the amount of urine taken was 50 c.c., and 
the amount of standard sulution required for the appearance of the 
terminal reaction 24 cc. The standard uranium solution used is of 
such a strength that 1 c.c. will exactly precipitate 0-005 gramme of 
phosphoric acid. 24 c.c. will precipitate 24 times 0-003=0-12 grammes. 
This is the amount of phosphoric acid in 50 c.c. of urine: the amount 
in 100 c.c. of urine will therefore be twice as great—c.c. per cent. 

This is an operation which can be completed in a few minutes, 
whereas if it had been necessary to separate out the phosphoric acid in 
a pure condition and weigh it, the processes would have extended over 
several days. 

There are, however, certain substances to which a volumetric 
method cannot be applied, and it is then necessary to use the gravi- 

1 A titrated solution in one of which the strength has been accurately found by 
experiment. When a solution is directed to be titrated, the meaning is that it ix to be 
quantitatively tested for the amount of pure substance it contains by the help of standard 
or previously titrated solutions. 

7 It is usmal to note the position of the lowest point of the curved surface meniscus! 
of the finid in a burette. Sometimes accuracy is obtained by nsing a class float which 
rises and falls with the fluid in the burette without wavering; this has « horizontal line 
@rawn on it, and the coincidence of this line with the graduation mark on the burette is 
accepted as the trae reading. 
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metric method. The precautions to be used in such a method may be 
best illustrated by taking an example, and we may again select our 
example from the urine; in certain forms of morbid urine, proteid 
matter is present; it is often desirable to estimate it, and the best 
method for doing so accurately, is to precipitate it, and weigh the pre- 





Pasipetig Tena oer para van fo foi We owe 
‘The t ues Khe preseare, andl the clips a ands Tequiate the rate of tow 
of water, + 
Among the many precipitants of proteids, alcohol is on the 
the most convenient. A known volume of urine is evaporated 
ts @ small bulk, and if alkaline ix rendered faintly acid ; about ten 
‘titnes the amount of aloohol is added, and the mixture boiled. The 
Precipitate is collected on a previously dried and weighed filter, Tho 
Gilter used must cither contain no ash, or the amount of ash (i. 
‘iineral constituents) must be known, 








te 
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‘The precipitate is then thoroughly washed with aleohol and ether 
to remove all the other constituents of the urine ; the filter, with the 
precipitate on it, is dried at 110° C,, cooled in an exsiccator, and again 
weighed. The increase in weight is the amount of albuminous substance 
in the volume of urine originally taken. Proteid, however, carries 
down with ita certain amount of ash ; this is estimated as follows : 
A crucible is dried and weighed ; in this the filter and precipitate are 
carefully burnt, until ash only remains, allowance being made for the 
ash of the filter, this amount of ash must be deducted from that of the 


proteid previously found. 


FILTRATION 


‘The filter should be smaller than the funnel into which it is Inserted, and 
generally should be moistened with water before being used. Filtration may be 
‘Tnstenod by the use of ribbed filters; hot liquids also filter more quickly than 
cold. Filtration under pressure may be accomplished by using one of the many 
forts of filter pump of which one is here figured (fig. 2). 

In order to keep a liquid hot during 

g filtration, the ordinary glass fannel is en- 
closed in a hollow copper funnel filled 
with hot water (fig. 3). 

In the case of fine precipitates, a small 
portion of the precipitate may at first pass 
throngh the filter; soon, however, the 
larger pores of the paper become plugged, 
and the portions, which first passed through, 

B must be returned to the filter, 

With voluminous, dense, or gelatinous 
deposits the separation of the greater part 
of the precipitate may be accomplished 

Fea, 3-—Sectional iow of Wok water fanwel. by filtering thronch muslin oF linen. 
? Precipitates are now often collected 
‘on asbestos fitors; these are readily made by perforating the bottom of a 
platinum crucible with fine holes and filling ap the bottom of the crucible with 
finely divided asbestos. They are advantageous, as they can be easily dried 
and weighed, are permanent, and where incineration is necessary are free from ash. 


ob 


WASHING PRECIPITATES 


Precipitates may be washed on the filter; it is best to use a wash-bottle, and 
care must be taken that the washc-liquid penetrates to every part of the precipl- 
tate, which may be gently disturbed for the purpose with a glass rod. 

‘Washing by decantation {s only applicable to precipitates that are heavy and 
subside readily ; the precipitate is well mixed with the wash-liquid and allowed 
to settle; the wash-liquid is then poured, syphoned, or pipetted off, more liquid 
added, and the process repeated as often as necessary. 





+ Simple form of Biter pump can now be purchased for « few shillings, and can be 
attached to any ordinary water-tap. 
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tion to this rule, however, is hamoglobin), and were termed cofleids by Graham. 
‘The distinction is generally stated to be due to the large size of the molecules of 
collold materials, rendering them unable to pass through the membrane. 

‘The forms of dialyser employed are depicted in the necompanying figures. 
‘That in fig. 7 is the more convenient, as by its 
nse a larger surface is exposed to the action 
of water, and #0 the thne necessary for diffusion 
is lessened. 

Indialysing to get rid of salts from organic 
material, as long a time as four to seven days 
is generally necesanry; different salts vary 
good deal as to the rate at which they pss 
out. The distilled water in the outer vessel 
should be changed frequently; or, better still, 
a stream of water running from the tap should 
be kept continually flowing for three to four 
days, anil then distilled water be used for the 
last few days of the operation; this should 
be contained in n large vessel, and changeit 
three or four times a day. 

Occasionally one dialyses into other liquids 
than water ; eg. in Haycraft’s method of esti 
mating urea in blood and similar liquids, one 
ialyses into alcohol, 

Taking distilled water as a standanl, the 
rate and amount of diffusibility may be mea- 
sured by an endosmometer. It will be found 


ic) Weight of water which passes in one direction, 
and that of salt which passes in the other. 
mig Lhe welght of water necessary to replace by 





the natare of the substance anrl its concentration. The following table gives 
the endosmotic equivalent of certain materials :— 


Sodium chloride. . . 40 | Sulpburiencid . , 08 
Solium sulphate. . . 310 | Cansticpotash . . , 2003 
Potassium sulphate . . 120 Aicohel . . 3 
Magnesium sulphate . 916) | Boge Ok ie a OTe 
Copper sulphate. 9... 95 


‘Thus 4 grammes of water would pass through the membrane {nto the endlosmo- 
moter for 1 gramme of sodium chloride, 11 for 1 gramme of sodium sulphate, 
and #0 on, Sometimes negative osmosis occurs, i.¢. more of the substance passes 
‘out of the csmometer than water passes in; this is the case with acids. The rte 
‘cof osmosis increases with the concentration of the substance with the tempernture 
‘of the liquids used. There is also no doubt that the nature of the membrane 
affects osmotic action; different varieties of dead mombrane affect the rate of 
eamosis; the osmosis that oscurs in living menibranes is also no doubt very 
different again, but is a difficult subject to investignte experimentally. A 
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HEAT COAGULATION AND SATURATION WITH SALTS 


are processes used especially in connection with the proteids under which they 
are fully described. 


DETERMINATION OF RELATION OF SOLIDS AND WATER 
IN ANY SUBSTANCE 


If the substance is liquid, a weighed quantity is evaporated to dryness in a 
weighed crucible or capsule on a water-bath, and the residue is then thoroughly 
dried to constant weight in an air-bath (110°C.). If the substance is solid it is 
finely divided and weighed in a weighed crucible, then dried to constant weight 
at 110°C. 

In each case the total loss of weight is the amount of water, the weight of the 
residue is the amount of total solids. These numbers should be, for convenience 
sake, calculated out as percentages. The relation of organic to inorganic solids 
may then be somewhat roughly determined by incinerating the residue; the 
ash remaining after the burning of the organic substance gives the weight of 
inorganic, the loss of weight on ignition that of the organic substances. 


19 


CHAPTER Iil 
ULTIMATE ANALYSIS OF ORGANIC COMPOUNDS 


Tar ultimate analysis of organic compounds has for its object the 
determination of the elements contained in them. A small number of 
organic compounds consist of carbon and hydrogen, the greater number 
contain carbon, hydrogen, and oxygen, most of the rest carbon, hydrogen, 
oxygen, and nitrogen, and a small number sulphur, and a smaller number 
still salphur and phosphorus in addition. 

The same method of analysis applies to compounds whether they 
contain oxygen or not ; it is, however, necessary before commencing a 
quantitative analysis that the operator should know positively whether 
nitrogen, sulphur, or phosphorus is present or absent. 


TESTS FOR NITROGEN 


1. Burn the substance ; if it contains a tolerably large amount of 
nitrogen, the characteristic odour of burnt hair or feathers is given off. 
If the smell is distinctly perceptible no further test is necessary, but if 
not, a more delicate method must be adopted. 

9, The substance is mixed with potassium hydrate in powder, or 
with soda-lime, and the mixture heated ina test-tube. If the substance 
contains nitrogen, ammonia will be evolved, which may be detected by 
its odour, reaction, and fuming with hydrochloric acid; or the products 
+€ combustion may be conducted into dilute hydrochloric acid ; 
evaporate the acid on the water-bath, dissolve the residue in water, 
nix the solution with platinum tetrachloride, evaporate nearly to 
dryness, and treat the residue with alcohol. If the residue dissolves 
without leaving any double chloride of ammonium and platinum, the 
substance may be considered free from nitrogen. 


TESTS FOR SULPHUR 


1. Solids are fused with about 12 parts of pure potassium hydrate 
and 6 of potassium nitrate ; the mass is allowed to cool, dissolved in 
water, acidified with hydrochloric acid, and tested for sulphates with 
barium chloride. Care must be taken that the reagents used ure free 

‘om sulphuric acid. 


cz 
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combustion tube about 12-15 em. longer than usual, filling this in the 
ordinary way, but finishing with « loose layer about 9-12 em. long of 
clean fine copper turnings or a spiral of copper wire or foil ; this metal 
when red hot acts by decomposing all oxides of nitrogen into oxygen 
with which it combines, and nitrogen which passes on unaffected into 
the atmasphere, 





DETERMINATION OF THE NITROGEN IN ORGANIC COMPOUNDS: 


1, Dumas’ Method. — A long combustion tube, 70-80 cm, in length, 
is sealed at its far end like a test-tube, Pure dry bicarbonate of soda 
is first introduced so as to form a layer 12-15 cm. long: then the 
weighed substance intimately mixed with copper oxide, then the oxide 
with which the mortar in which the mixing was performed was rinsed 
out; then « layer of pure oxide, and lastly a layer of copper wire, foil, 
or turningsabout 15cm.long. The tube is placed on a furnace, its open 
‘end closed by a cork through which a tube passes ; the tube is bent and 
leads to « trough containing mercury. About 6 cm. of the far end of 
the tube is then heated, the rest being protected by a screen ; the biear= 
Donate is decomposed and the carbonic acid propels the air before ft, 
expelling it from the tube, After some time the end of the delivery 
tube is dipped under the mercury and a test-tube filled with potash 
solution inverted over it, If the gas bubbles are completely absorbed 
by the potash, all air must have been expelled from the tube ; if not, 
the evolution of gas is continued till this desired point is obtained, 
‘The actual combustion is then commenced. A graduated cylinder 
half filled with mercury and half with potash is inverted over the 
delivery tube, The combustion tube is heated, commencing with the 
copper foil, and gradually all the burners are lighted till those under 
‘the second half of the bicarbonate are allin fall blaze, The whole of the 
gases evolved are driven on by the carbonic acid so evolved, the oxides: 
of nitrogen are reduced by the metallic copper, and nitrogen in a moist 
state alone collects in the cylinder, the carbonic acid being absorbed by 
the potash. The weight of nitrogen is calculated from its volume, correc: 
tions to normal pressure and terperature being mace, due regard being 
paid also to the tension of aqueous vapour (see further Gas Analysis). 

2. Method of Varrentrapp and Will.—This method is founded on 
the same principle as the test for nitrogen already described (p. 19, test 2). 
‘The substance to he analysed is reduced to the finest powder, dried and 
weighed. It is mixed with soda-lime. A combustion tube is filled so 
that the mixture lies between two portions of pure soda-lime, and is 
then plugged loosely with asbestos, und finally with a cork which is 


a 
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perforated, allowing the tube and a bulb apparatus containing hydro- 
chloric acid to be put in connection with one another. The tube is 
gradually heated, commencing at the fore part and progressing slowly 
towards the closed end. The nitrogen present is all thus converted into 
ammonia which is absorbed by the hydrochloric acid in the bulbs. The 
anmonia present is estimated by adding platinic chloride and weighing 
the ammonium platinum chloride which is thus precipitated. 

8. Kjeldah\’s Method. —The difficult and lengthy operations involved 
iu the two methods just described, and present also in the many 
notifications of them which chemists have proposed from time to time, 
are however now unnecessary, as the simple and accurate method of 
Kjeldahl! has very largely replaced them. 

Ttake the following account of the method with the modifications 
prposed by Warington? from Sutton’s Volumetric Analysis.? I have 
usself frequently used the method, but it hardly needs now my 
tetimony to its usefulness, as it has been so widely praised and so 
uch adupted by others. 

Frum 01 to 1 gramme of the dry powdered substance is put into a 
luiling flask holding about 100-120c.c. The acid used for the destruc- 
tion of the organic material is made by mixing 200 c.c. pure oil of vitriol, 
5Mce. Nordhausen oil of vitriol, and 2 grammes of phosphoric acid in 
sticks ; all these must of course be free from ammonia. 10-20 c.c. of 
this mixture is poured over the substance in the flask and heated on 
¥ire gauze over a small Bunsen flame. The temperature must be kept 
below boiling ; with prolonged heating the organic matter is gradually 
destroyed, and the liquid becomes clear and quiet. The nitrogen 
originally present is thus converted into ammonia, and this may be 
hastened by adding to the liquid very minute pinches of pure potassium 
Pernanganate. A violent commotion takes place with every addition, 
but there is no fear of any ammonia being lost. The operation is endet 
vhen the mixture becomes permanently greenish, and moderate heat is 
cmtinued for a few minutes more. The flask is cooled, some water 
wlded, and the contents washed out into a large flask of 700c.c. capacity 
with as little water as possible. It is then made alkaline with excess 
of either pure caustic soda or potash solution (sp. gr. 1-3). A little 
uetallic zine is added to prevent bumping during the subsequent distil- 
lation, The flask is then closed with a perforated caoutchoue stopper, 
through which passes an upright tube with two bulbs about an inch in 
diameter blown upon it ; these arrest and carry back any spray of soda 
from the liquid. The tube above the bulbs is bent over and connected 
tua condenser, and the delivery end of the condenser lends into a flask 


' Zeit. Anal. Chem. xxii. p. 866. ® Chem. News, li 





1a, 3 pp. 68-70. 
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The amount of iron in hemoglobin is 0-4 per cent. Knowing this, 
hemoglobin may be estimated quantitatively from the amount of iron 
present in the ash of an unknown amount of the hemoglobin. 


TO DEDUCE EMPIRICAL FORMUL-E FROM PERCENTAGE 
COMPOSITIONS 


From the percentage composition the empirical formula can be calculated, 
provided that the combining weights of the elements are known. The actual 
size of the molecule and its constitutional formula are obtained by other 
methods. 

The way in which an empirical formula is deduced may be most readily 
described by giving examples. 

Ezample 1. Suppose starch has been subjected to elementary anal 
was found to contain 44-44 carbon, 617 hydrogen, and 49:39 oxygen per cent. 
Knowing that C= 12, H=1, and 0= 16, what is the empirical formula for starch? 

Divide the percentage numbers by the combining weights of the elements, and 
we obtain 





Cor08 Hou Oso 


which gives us a rough guide to the formula; from this we can see that the 
hydrogen atoms are twice as numerous as the oxygen atoms, and the carbon 
atoms are also rather more numerous than the oxygen atoms. We must next 
find some common factor which will convert the above numbers into whole 
numbers; it is, however, generally impossible to do this exactly, and it will be 
found in the present instance that the number 1-62 is the smallest number which 
will give us approximately whole numbers. viz. :— 


Cs Hyw Oen 


The nearest whole numbers to these being taken, the simplest empirical formula 
for starch is C,H,,0,. 

Ezample 2. When we are dealing with a substance containing more than three 
elements, the arithmetical processes become more complicated. The example I 
will choose is that of mucin obtained from tendons. Loebisch found that the 
percentage composition of this material was C, 483; H, 6-44; N, 11-73; 8, 0°81; 
0, 327. Divide each of these numbers by the combining weight of their 
respective clement, and we obtain a guiding formula, viz. :- 





Cooas Hea Nov Soroas Ores 


It will be found that the lowest common factor which will convert these numbers 
most approximately into whole numbers is 39 75; this will give us— 


Ciw80 Hass Naw Sow Oro 


or approximately, Cg Hay Nu SUjg, The numbers do not correspond with equal 
exactness throughout ; this is especially noticeable with regard to the oxygen. 
It must, however, be remembered that there are certain unavoidab'e small errors 
of analysis which have always to be allowed for. Moreover, in this particular 
instance the correspondence between the percentage calculated from the formula 
and that obtained by analysis is closer than in many other cases. 

Such methods give us onlv a» smnjrical formula ; the true molecular weight 
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uay be » times as great, and in substances in which the molecular w 
awertained by determination of vapour density, &c., the calculation is simplified. 
But with regard to the albuminous and starchy substances we have to deal with 
ivanimal chemistry, these methods are not available. The constitutional formula 
of any substance, i.e. the way in which the atoms are united to one another, must 
te determined by other methods also. Here, again, the substances we have 
chieis to deal with in animal chemistry are those, in regard to the constitution 
of which, we are almost entirely in the dark at present. 
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CHAPTER IV 
GAS ANALYSIS 


Tue gases with which the physiologist has to deal are those of the 
atmosphere, and those concerned in respiration, those present in the 
blood and other fluids, as well as those obtainable from the solid tissues 
of the body. In the greater proportion of cases, a physiologist has to 
investigate three gases or mixtures of these: viz.:—oxygen, nitrogen, 
and carbonic acid. Small quantities of carbonic oxide are also pro- 
duced in the body, and in the alimentary canal, fermentation processes 
may give rise to hydrogen, marsh gas, and sulphuretted hydrogen. 
The reader is, however, referred to larger treatises dealing more especi- 
ally with gas analysis, for the methods of investigating these more 
rarely occurring gases. 

In examining the gases obtainable from either fluid or solid animal 
tissues, the methods adopted divide themselves naturally into three 
parts :-— 

1. The collection of the blood or other tissue in a suitable manner. 

2, The extraction of the gases from this material. 

3. The analysis of the gases so obtained. 


1, METHODS OF COLLECTING MATERIAL INTENDED FOR 
GAS ANALYSIS 


a, Collection of blood. In some cases it is possible to lead the blood 
direct from the blood-vessel of the animal, by a tube into the vacuum 
chamber of an air-pump. The gases can be then pumped from it forth- 
with, The vacuum chamber can be weighed before and after the 
entrance of blood into it ; the increase of weight giving the weight of 
blood used. 

In other cases it is advisable to collect and measure the blood in a 
separate vessel before introducing it into the air-pump. It must then 
be collected over mercury, and the following apparatus, as described 
by Gamgee,' answers this purpose admirably. A long graduated tube 
ab ix filled with mercury, and placed in connection with a reservoir of 


1 Physiol. Chem. p. 181. 
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saline solution, and any gases that escape are at once collected. The 
temperature is then lowered, the muscle is minced, and (still con- 
tained in salt solution) is introduced into the boiling tlask attached 
to the air-pump. In other cases the muscle is kept from undergoing 
rigor by being frozen. In other cases, again, the muscle is introduced 
quickly over mercury into a vessel containing a known volume of air ; 
the changes in the composition of the gases in this closed chamber can 
be subsequently investigated. 


2. THE EXTRACTION OF THE GASES FROM THE MATERIAL 
UNDER INVESTIGATION 


The materials which have been most often investigated are the 
blood and muscle. It will, therefore, be more convenient to speak of 
these two, the first an instance of a liquid, the second of a solid tissue. 

The gases are extracted by means of a mercurial air-pump. 

The earliest forms of pump were made by Ludwig and his pupils, 
Setachenow! and A. Schmidt? The best-known pump ‘s probably 
Pfliiger’s ; but improvements have been introduced by Alvergniat and 
others, 

The principle of all these pumps may be explained by the diagram 
in fig. 14, in which the parts of Pfliiger’s pump are reduced to their 
simplest elements. 


Tis a lange glass bulb filled with mercury ; from its lower end a straight glass 
tube, m, about 3 feet long, extends, which is connected by an india-rabber tube, 
», with a reservoir of mercury, @. which can be raised or lowered as required by 
a simple mechanical arrangement. From the upper end of the bulb, 2, a vertical 
tube passes: abore the stopcock, &, this has a horigontal branch, which can be 
closed by the stopcock. f. The vertical part is continued into the bent tube, 
which dips under mercury in the trough, A.A stopcock. , is placed on the course 
of this tube. Beyond f the horizontal tube leads into a large double glass bulb, 
ad; 0 mercurial gauge. ¢, and a drying-tube, d. filled with pieces of pumive- 
stone moistened with sulphuric acid being interposed. a is called the bloodl- 
bulb, and the blood is brought into it by the tube, ¢; the gases. as ther come off, 
cause the blood to froth, and the bulb, &, is called the froth-chamber. as it inter- 
cepts the froth, preventing it from passing into the rest of the apparatus. 

The pump is use in the following way: [ is filled with mercury, the level in 
Tand o being the same; 2 is cloeed : 0 is then lowered, and when it is 30 inches 
lower than the stopcock, &, the mercury in / falls also, leaving that balb empty: 
j being closed and f open, # is then opened. and the air in «, 5, d. Sc. rushes into 
the Torricellian vacuum in J: f is closed and j opened : the reservoir. @, is raiset: 
the mercury in / rises also, pushing the air before it, and it babbles out i 
atmosphere through the mercury (the tube, A, is not at this stage in pr 











4 Leitsch. 1. rat. Med. $rd ser. x. 112. 
# Ber. dd. &. wichs. Geaellach, d. Wiss. Leipaig 1867), xix. 38. 
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shen J is thus rendered once more a vacuum, & and f are opened and more of the 
air remaining in a, 6, d, &c., rushes into the vacuum ; f is closed, j is opencd, and 
this air is expelled as before. The process is repeated as often’ as is necessary to 
mike a, 5, d, &c. as complete a vacuum as indicated by the mercury in the 
gauge, ¢, a8 is obtainable. 

@ being now empty and the stopcock, f, closed, blood is introduced by the 
tube, ¢; it froths and gives off all its gases, especially if heated to 40°.45° C. In 














¥1u, 14.—Diagram of Paluger's Pump. 






acid has to be added to disengage the more firmly combined 
‘The bulb, 2, is once more rendered a vacuum and Rand f are 
being closed ; the gas from a and 5 rushes into the bulb, 2, being 
‘riel ax it passes through d; f is then closed and j opened ; the reservoir, a, ix 
raisel, and as the mercury in J rises simultancously, it pushes the gases into the 





1 Phosphoric acid is usually employed. 
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reagents, but by others specially adapted to meet the case in question; 
in this class of gases are oxygen, carbonic oxide, nitric oxide, and 
many gaseous hydrocarbons with the exception of marsh gas. The 
gues estimated indirectly are hydrogen, nitrogen, marsh gas, carbonic 
oxide, and several others. As an instance of this last class, hydrogen 
may be selected ; a known volume of oxygen is mixed with it in the 
eadiometer, and exploded ; water is formed which condenses, the 
remaining oxygen is estimated directly ;.the loss of oxygen after 
explosion must be that quantity which has combined with hydrogen ; 
and knowing the proportion of hydrogen and oxygen in water, the 
hydrogen can be thus ascertained. 

‘As has been stated already, the physiologist has to deal chiefly with 
three gases : oxygen, carbonic acid, and nitrogen. The first two can be 
ctimated directly by absorption, the residue is nitrogen. 

The tube containing the gases is made to stand in a well-shaped 
pueumatic trough filled with mercury, and by the aid of a pipette 
tumed up at the end, about half a cubic centimetre of strong solution 
of caustic potash (sp. gr. 1-2) is introduced ; when absorption is com- 
plete, and this can be hastened by alternately raising and lowering 
the tube in the mercury, the loss of volume gives the quantity of 
arbonie acid previously present. About half a c.c. of strong pyrogallic 
acid (1 of acid to 8 of water) is then introduced ; by this reagent the 
oxygen is absorbed ; and the residue is nitrogen. 

Greater accuracy, however, is obtained by using solid instead of 
liquid reagents. The solid is made into the form of a bullet, which 
can be introduced by a platinum wire through the mercury into the 
nixture of gases, and withdrawn when no further diminution of volume 
takes place. Thus, bullets of caustic potash are used for absorbing 
carbonic acid ; for oxygen, phosphorus was formerly used, but now 
Myier-maché balls moistened with a freshly prepared alkaline solution 
of potassium pyrogallate are more generally employed. As a rule 
these solid substances must be left some hours in the gas before 
absorption is complete. 

Using liquid reagents I have found that the principal tube of 
Lange’s nitrometer gives very accurate results, and the way I have 
been accustomed to use it is as follows : 

The apparatus consists of an accurately graduated tube a, which 
tapers at its upper end, and then again widens into the tube b ; in this 
turrow neck is n stop-cock, which is perforated by holes in such a way 
that in one position (se A) a and b are put into communication with 
ve another ; and in another position (see B) & is put into communica- 

D 
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tion with the air, or with any other vessel by means of an india-rubber 
tube d. 

@ is filled up to the stop-cock with mercury, and placed in a trough 
containing mercury. The whole apparatus can be raised and lowered 
by a rack and pinion arrangement, such as one uses to raise and lower 

the tube of a microscope. The 

stop-cock c is placed intermediate 

in position between A and B, 

3 so that a is in communication 

neither with 5 nor d. The gas 

| to be analysed is then introduced 
A 





into the tube a in one of two 
ways: either through the mer- 
cury at the lower opening of the 


a 
2 tube ; or by placing the interior 
of a into communication with a 
vessel containing the gases, by 
means of a tightly fitting india- 
B___ rubber tube d, the stop-cock being 

ee 


placed in the position B; at » 
given moment, a clip is removed 
from the tube d, and the gases 
pass into a, the mercury falling 
in that tube until it has the same 
level outside and inside. The 
clip is then replaced, the stop-cock once more put in a neutral position, 
and the volume of gas read off. The whole tube is now raised so that 
the mercury within it stands at a higher level than that outside. 
About half a c.c. of strong potash solution is put into the tube 4, the 
stop-cock turned into the position A, and the potash trickles through 
into the tube a ; this absorbs the carbonic acid, the apparatus is then 
adjusted so that the mercury within and without a is at the same level ; 
and the remaining gases read off. The oxygen is then absorbed by 
running in pyrogallic acid solution in the same way, and the residual 
nitrogen read off over mercury, or better over water; in the latter 
case, the gas is read off in the moist state and the water within and 
without the tube a must be at the same level. 








Fio, 16, 


In order to get results which are comparable with one another, the alteration 
in the volume of gases produced by temperature, barometric pressure, and if 
moist, by tension of aqueous vapour must be always allowed for, and the volume 
corrected to standard pressure (760 mm.) of mercury {andjstandard temperature 
(0° C.). The following formula serves for correcting volumes of gases : 
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¥! =the correct volume. 
¥ =the volume observed. 
B height of barometer (which should in very accurate 
work be also corrected for temperature). 
t =temperature in degrees centigrade, 
T =tension of aqueous vapour in millimetres of mercury 
at £° (see table, p. 5). 
1. ¥x(B-1) 
the V = 760 x (1 + 0:0036887) 
If the gas is dry, then 
2 VxB 
160 x (1 +0 O0S6G5t) 


The number 0-00366;5 is the coefficient of expansion of gases. 
The number 760 x (1 + 0:003665t) is obtained from tables, and the calculations 
are much simplified by the use of logarithms: thus, 


log V'= log V + log (B—T)~ log [760 x (1 + 0-0036622)], 
for dry gases, 
log V' =log¥ +log B—log [760 x (1 + 0-003665¢)].! 





' Mr. F. Sutton, Norwich, will forward a copy of these tables, printed separately for 
“sbratory use, to any one desiring them, on receipt of the necessary address. 
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occur from above down, or from side to side, or in any intermediate 
psition. If, however, disc with a vertical slit be placed on the 
curse of the string, the vibrations will be all obliged to take place in 
avertical plane, any side to side movement being stopped by the edges 
of the slit." 

Light can be polarised not only by the action of crystals, but by 
reflection from a surface at an angle which varies for different 


























Pia. 17. 


substances (glass 54° 35’, water 52° 45’, diamond 68°, quartz 57° 32’, 
&c.). It is also found that certain non-crystalline substances, like 
musele, cilia, &e., are doubly refracting. 

The Hicol's Prism is the polariser usually employed in polariscopes; 
it consists of a rhombohedron of Iceland spar divided into two by a 
section through its obtuse angles. The cut surfaces are polished and 
cemented together in their former position with canada balsam. By 
this means the ordinary ray is totally reflected through the canada 
balsam ; the extraordinary ray passes on and emerges in a direction 
parallel to the entering ray. In this polarised ray there is nothing to 
render its peculiar condition visible to the naked eye ; but if the eye 
is aided by a second nicol’s prism, which is called the analyser, it is 
Psible to detect the fact that it is polarised. 

This may be again illustrated by reference to our model (fig. 18). 














Fro, 18, 


Suppose that the string is made to vibrate, and that the waves 
travel in the direction of the arrow. From the fixed point c to the 


"Such @ model is, of course, imperfect; it does not, for instance, represent the 
‘pitting of the ray into two; and moreover the polarisation takes place on each side of 
the dit; whereas in regard to light, it is only the rays on one side of « polariser, vis. 
tose that have passed through it, which ere polarised. 


I 
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disc a, the string is theoretically free to vibrate in any plane ;! but 
after passing through the vertical slit in a, the vibrations must all be 
vertical also; if a second similar disc 6 be placed further on, the 
vibrations will also pass on freely to the other extremity of the string 
d, if as in the figure (fig. 18) the slit in & be also placed verti- 
cally. If, however, 5 Le so placed that its slit is horizontal (fig. 19), the 
vibrations will be extinguished on reaching 6, and the string between 5 
and d will be motionless. 








Fis. 19. 


c here represents a source of light, and the vibrations of the string 
the undulations which by the nicol’s prism a are polarised so as tu 
occur in one plane unly ; if the second nicol or the analyser is parallel 
to the first, the vibrations will pass on to the eye, which is represented 
by @; but if the planes of the two nicols are at right angles, the 
vibrations allowed to pass through the first are extinguished by the 
second, and sv no light reaches the eve. In intermediate positions, 5 
will allow only some of the light to pass through it. It must be clearly 
understoud that a nicol’s prism contains no actual slits, but the 
arrangement of its molecules is such, that their acticn on the particles 
of ether may be compared to the action of slits in a diaphragm to 
vibrations of more tangible materials than ether. 

The Polarising Microscope consists of an ordinary microscope with 
certain additions: below the stage is the polarising nicol; in the 
eye-piece is the analysing nicol ; the eye-piece is so arranged that it 
can be rotated ; thus the directions of the two nicols can be made 
parallel and then the field is bright ; or crossed, and then the tield 
is dark. The stage of the microscope is arranged, so that it also can 
be rotated. 

The polarising microscope is used to detect doubly refracting 
substances. Let the two niculs be crossed, so that the field is dark ; 
interpose between the two, that is, place upon the stage of the 
microscope, a doubly refracting plate of which the principal plane is 
parallel to the first prism or polariser ; the ray from the first prism 
is unaffected by the plate, but will be extinguished by the second ; the 

1 ‘The imperfection of the model has been already explained. 
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field therefore still remains dark. If the plate is parallel to the second 
nicol the field is also dark; but in any intermediate position, the light 
will be transmitted by the second nicol. In other words, if between 
two crossed nicols, which consequently appear dark, a substance be 
interposed which in certain positions causes the darkness to give place 
to illumination, that substance is doubly refractive. How this takes 
place may be explained as follows :— 

Let N,N, (tig. 20) represent the direction of the principal plane of 
the first nicol, and N,N, that of the second. They are at right angles, 
and so the ray transmitted by N 
the first, will be extinguished by 
the second. Let PP represent the Pp 
principal plane of the interposed 
doubly refractive plate. The 
extraordinary ray transmitted by 
N,N, vibrates in the plane N\N,, Ny 
and falls obliquely on the plate 
PP ; it is by this plate itself split 
into two rays, an ordinary and an 
extraordinary one, at right angles Pp ‘pt 
tu one another, one vibrating in 
the plane PP, the other in the N 
plane P'P!. These two rays meet Fin. 20, 
the second nicol, which can only transmit vibrations in the plane N,N. 
The vibrations in PP can be resolved into a vibration in N,N, and a 
vibration in N,N), the former is extinguished, the latter transmitted. 
Similarly the vibration in P'P' can be resolved into two sub-rays in 
N,N, and N,N, respectively, the latter only being transmitted. The 
illumination is thus due to two sub-rays, one of the vibrations in PP, 
the other of those in P'P! which have been made to vibrate in N,N,. 

Now, although these two sub-rays vibrate in the same plane, they 
are of different velocities ; hence the phases of!the vibrations do not 
cvincide, and thus the phenomena of interference are obtained. If 
we have two sets of vibrations fused, the crest of one wave may 
coincide with the crest of the other, in this case the wave will be 
higher ; or the crest of one may coincide with the hollow of the other; 
that is, the undulation would be extinguished ; in other intermediate 
cases, the movement would be interfered with, either helped or hindered 
more or less. Interference in the case of many kinds of doubly 
refracting substances (Iceland spar is in this an exception) shows itself 
in the extinction of certain rays of the white light, and the light seen 
through the second nicol is white light minus the extinguished rays ; 


oe | 
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t those extinguished and those transmitted will together form white 
light, and are thus complementary. Moreover, the rays extinguished 
in one position of the plate will be transmitted in one at right 
angles and vice versa; thus a crystal showing these phenomena of 
pleochromatismas it is termed, will transmit one colour in one position, 
and the complementary colour in « position at right angles to the first; 
blue and yellow, and red and green, are the pairs of colours most 
frequently seen in this way, 

The subject of double refraction and polarisation of light will be 
discussed in certain special aspects in connection with hemoglobin 
orystals and muscle, 

Rotation of the plane of Polarisation —Certain crystals such as 

\ those of quartz, and certain fluids such as the essence of turpentine, 
aniseed, &e., and solutions of certain substances like sugar, and 
albumin, have the power of rotating the plane of polarised light to the 
right or left. The polarisation of light that is produced by a quartz 
crystal is different from that produced by a rhombohedron of Teeland 
spar. The light that passes through the latter is plane polarised ; the 
light that passes through the former (quartz) is circularly polarised ; 
i.e. the two sub-rays are made up of vibrations which occur not in a 
plane, but are curved. The two rays are circularly polarised in 
oppositeydirections, one describing circles to the left, the other to the 
right ; these unite on issuing from the quartz plate ; and the net result 

is a planefpolarised ray with the plane rotated to right or leftaccording 
as the right circularly polarised ray or the left proceeded through the 
quartz,with the greater velocity. There are two kinds of quartz, one 
which rotates the plane to the right (dextrorotatory), the other to the 
left (Imvorotatory). 

Gordon! explains this by the following mechanical illustration. 
Onlinary light {may be represented by a wheel travelling in the 
direction of its axle, and the vibrations composing it executed along 
any orfall ofjits spokes (a). If the vibrations all take place in the 
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1 gramme of the substance dissolved in 1 cc. of liquid examined in a 
column 1 decimetre long. 
If a=rotation observed. 
w=weight in grammes of the substance per cubic centimetre. 
J=length of the tube in decimetres. 
(a)p=specific rotation for light with wave-length corresponding 
to the D line (sodium flame) 


then (a)?=+ s+ os 


In this formula + indicates that the substance is dextrorotatory ; 
— that it is Levorotatory. 

If on the other hand (a)p is known, and we wish to find the value 
of w; then 





2 Sat 
(px? 
The specific rotatory powers of a few of the more important optically 
active substances found in the body are as follows :— 
Dextrorotatury Lecorotatory 
Sucrose... (u)yp= + 738? Levulose . . (a)p=—106° 
Dextrose  . . =+ 560° Eggalbumin. .  . =-- 335° 





Lactose . ‘ +  =+ 593° Serum-albumin . — 560° 
Dextrine. : + +1388 Gelatin . 5 - =— 130° 
Glycocholic acid . =4+ 290° Chondrin (alkaline 

Cholalic acid . —213°5° 





+ 35:0° | solution). é 
Sodium taurocholate + 245° | 


RELATION BETWEEN CIRCULAR POLARISATION AND 
CHEMICAL CONSTITUTION 


The first work in this direction was performed by Pasteur, and it was his 
publications on this subject that brought him into prominence. He found that 
racemic acid, which is optically inactive, can be decomposed into two isomerides, 
one of which is common tartaric acid which is dextrorotatory, and the other 
tartaric acid differing from the common variety in being levorotatory. The salts 
of tartaric acid usually exhibit hemihedral faces, while those of racemic acid are 
holohedral. Pasteur found that, although all the tartrate crystals were hemi- 
hedral, the hemibedral faces were situated on some crystals to the right, and on 
others to the left hand of the observer, so that one formed, as it were, the reflected 
image of the other. These crystals were separated, purified by recrystallisation, and 


1 As solution may cause condensation of volume, the density (d) or specific gravity 

of the solution should be also taken; then (a)p= 2." ,and waa —* 

uld ex 

3 Ann. Chim. Phys. (2) xxiv. 442; xxviii. 56. Comptes rend. xxxvi. 
Poggendorf's Annalen, lxxx. 127; xc. 498, 504. 














5 exxvii, 162, 
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tho which exhibited dextro-hemihedry possessed dextrorotatory power, whilst 
theothers were lsevorotatory. Pasteur! further showed that if the mould poniotliéwm 
slacun be grown in a solution of racemic acid, dextro-tartaric acid. first dis- 
appears, and the Isevo-acid alone remains. The subject remained in this condition 
formany Years ; it was, however, conjectured that probably there is some mole- 
cular condition corresponding to the naked eye crystalline appearances which 
produces the opposite optical effects of various substances. What this molecular 
structure was, was pointed out independently by two observers—Le Bel? in Paris, 
and Van't Hoff in Holland—who published their researches within a few days of 
eachother. They pointed ont that all optically active bodies contain one or more 
aeymmetric carbon atoms, i.e. one or more atoms of carbon connected with 
{oor dissimilar groups of atoms, as in the following examples :— 


CH, C0.0H 
l 
H—@—CB, H—@>--0H 
I 
CH,OH CH,—CO.0H 
Ams! alcohol ‘Malic acid 





The question, however, remained—do all substances containing such atoms 
mate the plane of polarised light? It was found that they do not; this is 
explained by Le Bel by supposing that these, like racemic acid, are compounds 
‘of two molecules—one dlextro-, the other levo-rotatory ; that this was the case 


B B 
Fra, 28, 

was demonstrated by growing moulds, the fermenting action of which is to 
separate the two molecules in question. Then the other question—how is it that 
two isomerides, which in chemical characteristics, in graphic as well as empirical 
formula, are precisely alike, differ in optical properties ?—is explained ingeniously 
by Van't Hoff. He compares the carbon atom to a tetrahedron with its four dis- 
similar groups, A, B, C, D, at the four corners. The two tetrahedra represented 
in fg. 25 appear at first sight precisely alike; but if one be super-imposed on the 
‘other, C in one and D in the other could never be made to coincide. This differ- 
ence cannot be represented in any other graphic manner, and probably represents 
the difference in tne way the atoms are grouped in the molecule of right- and 
left-handed substances respectively. 


THE SPECTROSCOPE 


When a ray of light passes from one medium such as air into 
another such as water or glass, it is bent out of its original course, or as 
it is termed refracted. The ratio of the sine of the angle of incidence 
to that of the angle of refraction is called the refractive index. When 
white light is passed through a glass prism or a triangular bottle con- 
taining a substance like carbon bisulphide with a high refractive 


1 Compt. rend. li. 158. ¥ Bull. Soc, Chim, (2) xxii, 887. 
3 La chimie dans Uespace. 
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red lines, and one violet line, and the other elements when incandes- 
eat give characteristic lines, but none so simple as sodium. If now 
the fame of a lamp be examined, it will be found tu give a continuous 
spetrum, like the solar spectrum in the arrangement of its colours, 
but unlike it in the absence of dark lines ; but if the light from the 
lamp be made to pass through sodium vapour (produced by burning 
alt in an ordinary spirit flame) before it reaches the spectroscope, the 
bright yellow light will be found absent, and in its place a dark line, 
or rather two dark lines close together, occupying the same position as 
the two bright lines of the sodium spectrum. The sodium vapour thus 
absorbs the same rays as those which it itself produces at'a higher 
temperature. Thus the D line as we term it in the solar spectrum is 
due to the presence of sodium vapour in the solar atmosphere. The 
other dark lines are also all due to the absence of certain rays, absorbed 
by the presence of such substances as hydrogen, calcium, barium, iron, 
&c, in a volatile condition in the sun’s atmosphere ; it being a general 
rule that the vapour of any material will absorb and retain light, the 
period of vibration of which is identical with that which it itself emits 
when in a state of incandescence. 

The Spectroscope consists of a tube A called the collimator, with a 
slit at the end S, anda convex lens at the end L; the latter makes the 





Fru, 26, 


rays of light passing through the slit from the source of light parallel : 
they fall on the prism, are refracted, and then the spectrum so formed 
is focussed by the telescope T. The dispersion of the colours, and su 
the length of the spectrum, may be increased by using a train of prisms 
in place of P, the second prism being so placed as to receive the rays 
refracted from the first, the third those from the second, and so on. 
There are in addition various accessories to the instrument : e.g.’most 
spectroscopes have a third tube which carries a small transparent scale 
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of wavelengths ; this is illuminated and is focussed by the 

Geverally also a small rectangular prism is placed in front of the lower 
part of the slit at 8; the solar light is focussed on to this, and we thus 
have two spectra, one of the candle flame or of the substance under 
examination below, and the solar spectrum above which can be com- 
pared with it, and lastly an image of the seale by which the 
of any line or band can be read off in wave-lengths. -! 

Tf we now interpose between the source of light and 

piece of coloured glass H, or a solution of a coloured 
tained in a vessel with parallel sides (the hwematoseape of 
27, F), the spectrum will be found to be no longer contin 
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rupted by a number of dark bands corresponding to the light absorbed 
by the coloured medium. Thus oxyhrmoglobin gives two perfectly 
characteristic bands between the D and E lines, hemoglobin giving 
ouly one ; and other red solutions, though to the naked eye similar to 
oxyhemoglobin, will give characteristic bands in other positions, 
Chlorophyll again gives four well marked bands, especially one in the 
red. The study of the absorption spectra of animal and vegetable 
pigments is full of interest, and has been followed with most valuable 
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gv in the same line as the tube furnished with the slit ; indeed slit 
aid prisms are both contained in one tube. 

‘The Microspectroscope is a spectroscope fitted into the ocular end 
ofs microscope, instead of the eye-piece. There are slight variations 
in the instruments constructed by Browning, Hilger, and Zeiss. The 





direct viston Spectroscope, 


poo sycameld through the microscope tube, passes through a 
























Ginet vision spectroscope ; the spectrum so formed is compared with a 
spectrum ‘solar light which enters by a slit in tke side of the 
‘srument; and is then by smal! rectangular prism sent up also 
tbe of the microspectroscope ; ; and lastly an illuminated 
| with these, as in the ordinary spectroscope. 
p is of value in examining spectroscopically 
of solutions ; small cells for containing the fluid to be 
from short pieces of barometer tubing cemented to 
les. In examining aqueous extracts of blood stains on 
ery often only a small volume of liquid can be obtained ; 
i identify the blood pigment spectroscopically, one must here 
tare recourse to the microspectroscope. 
‘The instrument is also useful in examining coloured microscopic 
‘edloured portions of iwicroscopic organisms. Dr. Mac 
Moan has made much use of the microspectroscope in this direction, 
meee tellowing method : a binocular microscope is taken ; the 
pe is put in the Place of one eye-piece. By means of 
-piece, the portion of tissue or crystal can be accurately 
absorption spectrum ix then seen on looking down the 
in the other tube. 
ption lands which form the characteristic features of 
we animal liquids do not admit of having their limits 
th the same precision as is possible in the case of Fraun- 
ir position in wave-lengths is usually determined in 
millimetre, Instead of ten-millionths. The edges of 
‘are moreover sometimes so ill-defined, and ¥: 
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A very excellent general account of the spectrophotometer and its applica- 
tims in physiological chemistry is given by Lambling' in a paper, which the 
reader is advised to consult. The method consists essentially in measuring the 
dinination in intensity which a beam of light undergoes in its passage through 
acoloured solution, and in dedacing the concentration of the solution from such 
Ameasurement. Given two rays of equal initial intensity, one of which is per- 
crived directly by the observer, and the other after its passage through a coloured 
~lution, what one has to do is to measure the relative intensity of the two rays. 
Bat such observations must be made not with white light, which is mixed light, 
bot with homogeneous light ; in other words, the rays from a particular part of 
the spectram ; hence the term spectrophotometry. 

‘The amount of absorption varies for the same substance and the same region 
of the spectrum with the concentration and thickness of the layer of liquid 
etamined, A double layer of the liquid would produce the same effect in absorb- 
ing light as a single layer of a liquid twice as concentrated. 

The quantity of light absorbed, however, does not increase directly with the 
thickness or concentration of the coloured liquid. Suppose a luminous ray of 
intensity equal to 1 passing through a layer of coloured liquid of one unit’s 


thickness, its intensity is reduced to a when, however, this ray of diminished 





intensity passes through another similar layer. its intensity is diminished 


tele to) and after passing through m similar layers to 1. 
Cr Dias 

The eoncticient of extinction (Bunsen) ¢ of a coloured solution is the inverse of a 
umber expressing the thickness of the layer of that solution which is necessary 
to reduce the intensity of the light to one tenth of its initial intensity. We have 
alrady seen if I’= final intensity, 1 =initial intensity, and m= thickness of layer, 
that 


From which we see that mel (Equation 1). 
Converting these into logarithms :— 
m log n= —lo! 


Therefore log n= a let (Equation 2). 


But by the definition of the co-efficient of extinction : 





V=jandm=t, 


1 
1 
Therefore nm=n® and Tr" 10 


1 
If we put these values of w™ and 3, in equation 1 we get 
a 
ne=10 


Which in terms of logarithms is -— 
Viog n=log 1061 
‘ 


1 Arch. de Physiologic, 1x8, p. 1. 
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THE SPECTRO-POLARIMETER* 


| combined for the purpose of determining the concentration of solutions of sub- 
| Sacer which rotate the plane of polarised light. It was invented by E. v. 
‘Fieisehil, for tho estimation of diabetic sugar in urine. Its chief advantage Is, that 

| a0 difficulty arises of forming a judgment, as to the identity of two coloured 
| ee anne ot two shades of the same colour, as in 
Tamrent’s insirement. The light enters at the right-hand end of the instrument, 








‘Fiv, 20,—Speetropolarimeter of von Yietech!, 


niool’s prism 2, and thon passes through two quartz plates, cc, 
‘over one another, One of these plates is dextro-, the other 
‘they are of such nm thickness (7°75 mmm.) that the green rays 
of the spectrum are circularly polarised through an 
t passing off through the upper quarte to the left, the 


Instrumentis taken from Dr. MeKendrick’s Physiology, 
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CHAPTER VI 
INTRODUCTORY 


Tue chemical constituents of the animal body are exceedingly numerous ; 
they consist of chemical elements, of inorganic compounds, and lastly 
of organic compounds. The organic compounds are the most numerous ; 
some of them have a simple structure, but the greater number are very 
complicated. 

The elements found in the body are carbon, hydrogen, nitrogen, 
oxygen, sulphur, phosphorus, fluorine, chlorine, silicon, sodium, potas- 
sium, calcium, magnesium, lithium, iron, and occasionally manganese, 
copper, and lead. 

Of these very few occur in the free state; oxygen (to a small 
extent) and nitrogen are found dissolved in the blood. Hydrogen is 
found in the alimentary canal. Particles of carbon breathed in with 
the air may be found in the tissues of the lung. With some few 
exceptions such as these, the elements enumerated above are found 
cowbined with one another to form what are called compounds. 

The compounds, or as they are sometimes termed in physiology, the 
worimate principles, found in the body are divided into (1) mineral or 
inorganic compounds, and (2) organic compounds or compounds of 
carbon. 

The inorganic compounds present are water, peroxide of hydrogen, 
niphuretted hydrogen, ammonia, various acids, and numerous salts 
(wdiam chloride, calcium phosphate, éc.). 

The organic compounds present are the various groups of alcohols 
and organic acids, and their compounds such as the fats ; various de- 
tivatives of ammonia, for instance amides, amines, &c. ; the aromatic 
bodies, and lastly the proteids, albuminoids, pigments, ferments, carbo- 
hydrates, and glucosides, 
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CHAPTER VII 
INORGANIC COMPOUNDS 


WATER (H,0) 


Water forms about 585 per cent. of the weight of the body ; it occurs 
in different proportions at different ages, the proportion becoming 
smaller as life advances. In an infant the amount present is 66-4 per 
cent. (Bischoff). 

The following table from Beaunis ! gives the proportion of water in 
various solids and fluids of the body, in parts per 1000. 














Enamel . . . . ~ 2] Greymatterof brain . . 858 
Dentine . . . . . 100| Vitreous humour... 987 
Bone. 1486 Blood . . . . . 791 
Fat . 1 29/ Bile. 2 5... 868 
Elastic tissue f 496! Mik... 8h 
Cartilage . * 2 860 | Liquor sanguinis =... (901 
Liver. . . . . 693/Chyle . . . .. 988 
Spinal cord. » . 697 | Lymph»... 888 
White matter of brain | | 700) Serum =»... , 989 
skin. sw 99 | Gastric juice . =... 978 
Brain : aa | Intestinal juice =. |. 975 
Muscle. . . 137 Tears te 988 
Spleen. . . . . 738| Aqueous humour |. . 986 
Thymus... . 170 | Cerebro-spinal fluid. =. , 988 
Connective tissue 1796! Saliva...) . (988 
Kidneys... . 887 | Sweat. 995 


‘An adult takes into the budy in the form of food (solid and liquid) 
about 2,500 c.c, of water per diem. A small quantity is formed in the 
body from the combination of hydrogen and oxygen, and thus a larger 
quantity is excreted than is actually taken in. On the average, the 
daily excretions contain about 2,600 c.c. of water. 

A diminution of the quantity of water leads to the sensation known 
as thirst ; in frogs, when they have lost 30 per cent. of their weight of 
water, death ensues. 

‘A great increase in the quantity of water is harmful, as it increases 
tissue waste, and carries off a large amount of the solids, especially the 
saline solids of the body, in solution. 


1] 
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Injection of water into the circulation in large quantities causes 
death, as it dissolves the hemoglobin from the corpuscles and so 
interferes with respiratory functions (Picot).! 

In starving animals (pigeons) the relation of water to solids only 
shows important changes when the total body weight is diminished by 
‘34 per cent. and the animal has taken no solid or liquid food for 133 
hours, The relation in some organs (heart, kidneys, thoracic muscles, 
alimentary tract, blood, brain, and lungs) even then undergoes little 

or no change; in others (thigh muscles, and bones) the water is 
increased ; and in a third category (spleen, pancreas, liver) the water 
is diminished (Lukjanow).? 


PEROXIDE OF HYDROGEN (H,0,) 


C. Wurster? uses paper soaked with a solution of tetramethylpara- 
phenylenediamine as a delicate test for active oxygen, a blue-violet 
colour being formed. The development of this colour by means of 
certain tissues, and fluids of the body (skin, sweat, &c.), is believed to 
be due to the evolution of active oxygen from peroxide of hydrogen, 
present in those parts. Peroxide of hydrogen coagulates albumin, and 
Wurster considers it possible that its presence may explain such 
phenomena as the coagulation of the blood and of muscle; and by its 
action on the hemoglobin of the blood various other pigments, such as 
those of the skin and hair, may be produced. In want of further 
proofs of these and other functions assigned to peroxide of hydrogen, 
¥e must accept all such conclusions with the greatest possible reserve. 


SULPHURETTED HYDROGEN (H,S) 


This gas occurs free in the alimentary canal, being formed by 
patrefactive processes which occur there. 


AMMONIA 


This also is formed in small quantities during these putrefactive 
proceases. It, however, soon enters into combinations to form salts 
or organic compounds. Ammonia also occurs in urine, especially if it 
has been allowed to undergo putrefaction within or without the body. 

The mineral salts and organic compounds in which ammonia occurs 
Will be described under other headings. 


sa rend. 1874, p. 62. 4 Zeit. physiol. Chem, xiii, 389. 
tichte deutsch. Chem. Geselloch. xix. 8195 ; xx. 268, 1033, 
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ret... | Blood Serum | Biool- Lymph 
! clot; ments 
duit... , Veriell Weber | Weber ;Daln- | Porter | Wilder-° Rose Porter 
i { hardt stein 
22. ine letm ob es ae dy 
Sotium chloride 58-81 | T448 | 67-26 
15 ' 133 
1L-97 13-64 
1-76 145, 
Vz 134 
8:37 | = 
10-23 : 1121 
1-67 z 2 
: 119 ; = 
im. 0-42 | 4:06 





Sodium Chloride and Potassium Chloride. —Probably 200 grammes 
may be taken as an average amount of sodium chloride (common salt) 
in the adult human body. It is a most important food, and from 
15-20 grammes are daily excreted in the urine, and smaller amounts in 
the sweat and freces. If potassium chloride be substituted in the food 
for the sodium salt, disturbances arise from deficiency of the latter. The 
timmes, however, retain common salt very tenaciously, so that during 
adietary devoid of salt, it disappears slowly from the urine. 

During its passage through the body, it facilitates the absorption of 
proteidl food, and increases tissue metabolism. Probably a small 
amount is decomposed yielding its chlorine to potassium, the chloride 
of which metal is indispensable to tissues like muscle. The following 
table gives the relative amounts of the two salts in parts per 1000. 





Nacl KCl Nac] Kel 
Bool . 0. 2.) 270-205 | Pancreatic juice (from 
Blood corpuscles . 2. = = 367 temporary fistula) 735 0-02 
Plasma . +. BSE — | Gastric juice. | 14S 
Lymph. . 0. . 867) (| «Bile Owe 
Cle 2. 8. BBE - Milk 213 
Pancreatic juice (from | Urine 4:50 





permanent fistula) . 250 093! 


Other Sodium and Potassium Salts.— Bunge found that the soda 
salts are more abundant in embryonic and early life than in adult life. 
This is illustrated by the following table :— 


Nao 
Rabbits embryo + 2183 
30 


Cat, 29 days old 
Dog td ow on 
Adult mouse 


Rabbit, 14 days old. 1 
Kitten, day, - 
Cat,19days —. 2285-270 
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This fact is probably due to the larger amount of cartilage (rich in 
soda salts), and the smaller amount of muscle (rich in potash salts) in 
early life, as compared with the adult condition. 

Sodium phosphate (Na;PO,), acid sodium phosphate (Na,HPO,), 
and acid potassium phosphate (K,HPO,) are found in the urine, the 
latter salts causing the acidity of that secretion. Phosphates of sodium 
and potassium also occur in the blood and tissues. Sodium carbonate 
(Na,CO3) and bicarbonate (NaHCO; ) occur in the food, but are chiefly 
formed from the salts of vegetable acids (tartaric, citric, &c.). They 
occur in the blood, and carry the carbonic acid from the tissues to the 
lungs. 

Sodium sulphate (Na,8O,) and’ potassium sulphate (K,80,) exist 
in small quantities in the body ; they are partly introduced with the 
food, but chiefly formed by the oxidation of proteids and other organic 
substances containing sulphur. 

Ammonium Salts,—Minute traces of ammonium chloride are found 
in the urine ; ammonium carbonate is formed from urea in decom- 
posing urine. The urine of reptiles, and birds is lurgely composed of 
ammonium urate. Small quantities of this salt, and also of ammonio- 





magnesic phosphate, are found in human urine. 

Calcium Salts.—Albout three-quarters of the total mineral solids 
in the body consist of calcium phosphate, Ca,(PO,)): this is because 
of the great preponderance of this salt in bone. Other calcium salts 
occurring in bone, dentine, and enamel are the carbonate, sulphate and 
fluoride, Calcium phosphate, urate and oxalate are found in the 
urine. Most tissues contain small quantities of the phosphate and 
carbonate. Egy shells, the shells of crustacea, coral, and otoliths 
consist chietly of carbonate of lin 

Magnesium Salts,—-Magnesium phosphate (Mg;(PO,);) occurs 
in the tissues, along with the caleium phosphates (Cay(PO,), and 
CaH,(PO,),), but in smaller amount. Tt occurs also in the urine ; 
ammonio-mnagnesium or triple phosphate (NH,Mg,P0,+6H,0) is 
also often found in decomposing urine. Magnesium palmitate and 
stearate are found in the fiver 

Iron is an imptrtant constituent of the blood-pigment. The blood 
of an adult contains 3 yruumes of iron, Small quantities are found 
in other liquids of the body (ch 






























juice); it is also contained in the black pigment of the skin and hair, 
AA small quantity of sulphide is 


and stuall quantities of iron are found in both liver 





and of melanoti 





found in the feces, 
and spleen, 


"tw 
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Other Metale.— Copper is found in two proximate principles, 
hemocyanin, the blue pigment of the blood of many invertebrates 
(crastacea, cuttle fishes, scorpions, éc.), and in the pigment turacin of 
birds’ feathers. Small quantities of this metal, and also of aluminium, 
manganese and lead, may occur accidentally in other parts, being taken in 
with the food, and not excreted at once with the feces, but deposited 
insome tissue or organ. Drugs and poisons (mercury, arsenic, &c.) may 
be similarly deposited. 

Silicon—A minute quantity of silica exists in the blood, urine, 
tones, hair, and other parts. 

Phosphates.—The amount of phosphoric acid given in analyses of 
the ash of animal structures is not always correct, since a certain 

quantity is cbtained during the process of incineration from the 
decomposition of organic compounds, which like lecithin contain 
phosphorus. 

The phosphoric acid which occurs in mineral compounds in the 
body is derived partly from the food, and partly from the metabolism 
of lecithin and nuclein. It unites with soda, potash, lime and 
magnesia to form the various phosphates already alluded to. An adult 
man eliminates by the kidneys 2 5 grammes of phosphoric acid 
daily. Carnivora eliminate phosphates chiefly by the kidneys, herbivora 
chiefly with the feces. 

Carbonates.—The presence of carbonates in the ash of animal 
matters is partly derived from the decomposition of organic compounds. 
Alkaline carbonates and bicarbonates are however found in blood, 
urine, lymph, saliva, &e. 

Sulphates.—These also may be partly formed during the process 
of incineration from proteids, and other organic compounds containing 
sulphur. The sulphuric acid in the urine is partly combined as 
orlinary sulphates, partly as ethereal sulphates. It is derived to a 
small extent from the food, but chiefly from the metabolism of proteids, 
the amount of sulphuric acid and urea in the urine running parallel 
with one another. 
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df alcohols are known as the monatomic alcohols ; that is, they contain 
ely one hydroxyl group, and the radicle (methyl, ethyl, &c.) is 
therefore monovalent, like the metals hydrogen, sodium, potassium, ce. 
Another group of substances called ethers are derived from the 
alcohols by treating them with dehydrating agents ; thus :— 
2(C,H,)HO—H,0=(C,H;),0 
ets! alcohol ethyl ether 
The ethers of the monatomic alcohol are seen to be analogous to the 
orides of the monad metals (H,0, Na,0, &e.). 
By oxidation of the alcohols, two atoms of hydrogen are removed, 
and another group of substances called aldehydes ure obtained ; thus : 
(C,H;)OH + O=CH,.COH+H,0 
‘ethyl alcohol ethyl aldebyde 
On further oxidation still, the two atoms of hydrogen removed, to 
form the aldehyde, are replaced by one atom of oxygen! ; thus :— 
CH;.COH + O=CH;.COOH 


ethyl aldehyde acetic acid 


In this way, an acid is ultimately formed from the alcohol, and 
the series of acids derived from the series of monatomic alcohols are 
monobasic? ; they constitute what is known as the fatty acid series. 
These acids combined with metallic bases like soda or potash form 
compounds known as soaps; when combined with organic bases, such 
as glycerine, they form what are known as fats. 

The following table represents in a compact way the different 
asses of compounds derived from this group of paraffins. 





Hydrocarbon Ratlicte ' Atcotiot Aldehyste 












CoH Catlanty | Cull yet HO | 
Ctmeiaaey | CH (meth) | CH 
“HHO 


Act | 
an 
Gal tethanes | 





i hexane ) 





WH, (heeilecaney eacss 
One 





It is well known that there are alcohols having the same percent- 
age composition, but which differ in their products of oxidation, For 

' Thi production of acetic acid from ulechol is usually effected by an organined 
ferment called bacterium aceti. 


 Monobeaic means that one atom of the hydrogen is replaceable by a monad metal 
(log Na), of by + somnad radicle, in the latter case forming what is known as a compound 


F 
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ethene, ethylene or olefiant gas C,H,, and forms the basis of a series of 
arohols, which are called glycols. These, like the first series of alcohols, 
are hydrates, i.e. compounds of hydroxyl with organic radicles, only 
inthe case of the glycols there are two molecules of hydroxyl united to 
the radicle instead of one as in the monatomic alcohols. In other 
words, the glycols are diatomic alcohols. 

Looked at in another way, a monatomic alevhol may be regarded as 
built on the type of one molecule of water, in which one atom of 
brdrogen is replaced by the radicle. Thus :— 

H.OH CH,;.0H 


water methyl alcohol 
A diatomic alcohol is built on the type of two molecules of water in 
which HH is replaced by the radicle. 


H.OH \0H 
H.OH CH On 
wile isi dyen 


We compared the monatomic aleohols to the hydrates of the monad 
metals, ike sodium hydrate (Na.OH) or potassium hydrate (K.OH). 
We may compare the diatomic alcohols or glycols tu the hydrates of 


the dyad metals, like calcium hydrate Ca (oH or magnesium hydrate 
wg’ OH 

From the glycols! or diatomic alcohols, acids are obtained by oxida- 
tim; H, is removed, and replaced by O ; an acid is formed which is 
allel glycolic acid,! and is the first of a series of acils similarly derived 
from the series of alcohols. 

But the glycols, as we have seen, are diatomic, and so the operation 
can be repeated, and another Hy removed and replaced by O. ‘This 
gives us a second series of acids of which oxalic acid is the first member. 

The following table represents in a compact way the different 
chases of compounds derived from the hydrocarbons with general 
frmala C.H j.- 





Hplnwarton ——Aleobol (liatomicy 








tats Cali HO), 


Clee 0, 


ie-ulycol 





CALAoy, ethen 
toy, 





PIAL 
valeroslaetic | CSIRO, py 

' for xltarte 
Jeucie CLO, ulipie a 





CH berene CH, CHO), hexene 4 






col muxt be carefully distinguished from an entirely differe it sabstance w 
name, glycocoll, or glycocine. Glycolic acid is also similar i: name but very 
ferent in nature from glycocholic acid, one of the acids of the Lile. 

F2 
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The next group of hydrocarbons on our list consists of those wit] 
the general formula C,H,,-s. This is illustrated by the compoum 
called acetylene, which has the formula C,H The fourth seria 
(C,H,,_,) is illustrated by terebinthene C,)H,, ; the fifth (C,Hy,_¢) i 
illustrated by benzene C,H, ; the sixth series (C,H,,_) by cinnamen: 
C,H,, &c. The differences between the benzene derivatives and th 
rest are so marked that they are classed as aromatic compounds. 

In a similar way there are other groups of altohols ; the next serie 
is that of the triatomic alcohols, that is, those like glycerine or glycera 
built on the type of three molecules of water : i.e. a radicle is united t 
three molecules of hydroxyl. C,H,(HO), is the formula for glycerine 
Tetratomic alcohols are instanced by erythrite C,H,(HO),; an 
hexatomic alcohols by mannite C;H,(HO),. 

These different families of alcohols may be contrasted with om 
another in the following tabular way :— 




















i ALCOHOLS 
1 
Monatomic | Diatomic Triatomic | Tetratomic | Hexatomic 
Ontypeof | Ontypeof | Ontypeof | Ontype of | On type of 
1 mol, water | 2 mol. water | 8 mol. water | 4 mol. water | 6 mol. water 
F 
H.OH H.OH HOH | HOH H.OH 
i | ! | 
H.OH HOH | HOH HOH 
I l | 
HOH | H.OH HOH 
| 
| \ HOH HOH 
| 
i sae 
| HOH 
Example Example Example | Example Example 
CH,OH =! gy [OH OH OH OH 
Methylalcohol. “QOH CHyy OH | gy ) OH on 
| Ethene aleohol' OH WOH | oy ) OH 
or ! Glycerine OH es) OH 
' Ethyl glycol} | Erythrite OH 
OH 
| | | Mannite 








From all these alcohols, many different series of acids are derived 
It would, however, lead us too fur to give tables of all the derivative 
of the higher alcohols, The sketch given of the general plan of tht 
homologous derived from monatomic and diatomic alcohols mus 
ely to repeat the process in a somewha: 
her alcohols, Thus from the triatomi: 
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akobols a series of acids commencing with glyceric and tartronic acids 
are derived. 

The carbohydrates (starches, sugars) are derivatives of the hexa- 
tonic aleohol, mannite. 

We have seen how in some of the simpler organic compounds poly 
nerismand isomerism may occur, They occur, as one would naturally 
expect, toa far greater extent in the substances with more complex 
formule. 

There is, lastly, a series of substances in which the carbon’ of the 
hydrocarbon is non-saturated ; thus the formula for allyl alcohol is 


C3Hs) 
Hs} 
in which it is evident two atomicities are unsatisfied. Related to such 


alwhols are the acids of the acrylic series, in the same manner as the 
fatty acids are related to the monatomic alcohols, Thus :— 


Alcohol : Acid 
C,H, C,H,01 
H } ° H) 9 
[ethyl] aloohol) [acetic ucid] 
Hs) C3301 9 
H|° ul 
(ally! alcohol) c [acrylic acid) 


The acids having the general formula C,H,_0, are 
C3H,O, Acrylic acid 
C,H,O, Crotonie ,, 
C,H,O, Angelic ,, 
CygHy,0, Oleic, 





Having thus described the general chemical characteristics of these 
gruups of hydrocarbons with their derivatives, we pass on to enumerate 
the members of those groups that occur in the body. 

Hydrocarbons.— ethane (CH,) is the only member of this series 

found in the body. It occurs mixed with other gases in the intestinal 
canal. 
Alcohols.—Ethylic alcohol is a constituent of the fermented liquors 
used as beverages. It may, however, be formed in small quantities by 
a process of fermentation occurring in the intestinal canal. Thus it 
may be found in small quantities in the urine even when it is absent 
from the food.! 

Cholesterin (CygH,3-HO) isa monatomic alcohol, and though not one 


1 W.HL Ford, Trans. Internat. Med. Congress, Washington, 1887, vol. ii. p. 298, 
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of the series beginning with methyl and ethyl alcohols, it is convenient 
to include it in this place. It crystallises either without water (from 
anhydrous ether) or with one molecule of water of crystallisation (frou 
a mixture of aleohol and water). It occurs in blood corpuscles, nervous: 
tissues, and bile. 

Phenol or earbolic avid (CgH;.0H) may also be reyarded ax ars 
wleohol ; it is found in small quantities usually in combination as am 
ethereal sulphate in fwces and urine; it may, however, be more 
conveniently classed with the aromatic substances. 

Glycerine is found in combination with fatty acids to form fats. 

Tt is liberated from the fats during digestion, and may thus be 
found free in the alimentary canal. It may there be further decom- 
posed into various acids, especially propionic acid, or after absorption 
may undergo complete combustion, forming carbonic acid and water, 
Beneke considers that the phosphoric acid liberated from the phos- 
phates of the food unites with it, to form glycero-phosphoric acid which 
is a stage in the synthesis of lecithin. The relation of glycerine to the 
glycogen of the liver will be fully discussed in connection with that 


Cetyl aleohot (C,gH3,)HO is found combined with palmitic acid 
m ay 
Cerotyl alcohol (Cy;H5;)HO is contained in Chinese wax, 
Melicyl alcohol (CyoH 4,)HO is found in beeswax, 
Various other alcohols, or compounds of them, are found in various 
vegetable oils and other products, 

Aldehydes and Ketones.—Acetone may be found in the blood and 
urine in minute quantities even in health. This is inereased in certain 
diseases, especially diabetes. There is, however, some uncertainty a& 
to whether it occurs in the free condition, and the question will befully 
discussed under Diabetes. 

The carbohydrates are derivatives of mannite. The glucoses are 
aldehydes of that alcohol, and the other groups of carbohydrates 
(saccharoses and amyloses) are derived from the glucoses. | 

Fatty acids.—Vormie acid.—This has been described as present in | 
small quantities in spleen, pancreas, thymus, muscle, and brain, Tn | 
leucocythemia, it is said to be also found in the blood, urine, sweat, 
and marrow. 

As its name implies, it is obtained from the bodies of ants. Itis 
the substance also which gives, in all probability, the acid reaction to 
the blood of certain insects. Tt is a colourless liquid of strong odour, 
It volatilises at 100° C. without residue. 

Acetic acid may be present in small quantities in bile and sweat, 


ail 








ay 
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oxalate of lime, where it is deposited as octahedral or dumb-bell crystals. 
Its relations to urea and uric acid will be discussed under urine. 
Succinie acid has been detected in the urine, after food containing 
malic acid or asparagine has been taken. Small quantities have been 
discovered in spleen, thymus, thyroid, hydrocele fluid, &c. Traces 
of this acid (and also of glycerine) are formed during the aleoholic 
fermentation of dextrose by, means of yeast. Suceinie acid (C,H,O,) 
is closely related in composition to three acids contained in 
vegetable foods, viz, malic acid (C,.H,O,), tartaric acid (C\H,O,), and 
citric acid (CjH,0;), 

Acids of the Acry:ic Series, —Acrylic avid itself (CH,O,) is obtained 
Uy the oxidation of acrolein (CyH,O), the aldehyde of allyl alcobol. 
Acrolein is also produced by the removal of two molecules of water 
from glycerine (CsH,0,—2H,0—C,H,0). 

Crotonie acid occurs in croton oil. 

Angelic acid occurs in croton oil, and angelica root. Its aldehyde 
occurs in essential oil of chamomile. 

Brucio acid (C.,H1,,0,), a high term of the series, is found in rpe- 

oil, 


Oleic acid (C,,H,,0,) is more important to the physiologist, as it 
occurs not only in vegetable oils (almond oil, olive oil, &e.) but also in 
the glyceride olvin, an important constituent of the fat of adipose tissue, 
and of milk. 

Amido-acids.—These are acids derived from the fatty acids, by 
replacing one or more hydrogen atoms by the radicle amidogen (NH,). 
‘This important group of substances, which includes leucine, tyrosine, 
glycocine, taurine, creatine, d&e., will be more conveniently dealt with 
in connection with the nitrogenous proximate principles of the body. 

‘The Fats.—The fat of adipose tissue is a mixture of the glyceric 
ethers, or glycerides of palmitic, stearic, and oleic acids variously mixed 
together. 


Tn cream there are in addition small quantities of glycerides of 
fatty acids lower in the series. 

Their chemical characteristics will be more fully described in eon- 
nection with adipose tissue and milk. 

Small quantities of fat are, however, found in other parts, The 
table on the next page from Gorup-Besanez gives the percenteaeiae 
fat in the organs and fluids of the human body. 

Moleschott found that in a man 30 years of age, wei 
Renee Mt 2% pee cent ot is ola 
Burdach gives wn average of 5 per cent, It nee r 
it varies immensely. 
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Srat 2... 0001 Cartilage... 13 
Vitreoushumour . . 0-002 Bone . Nae 14 
lima... 008 Crystalline lens. 20 
Imph . . . «(005 Liver. 2. . «oH 
Sma... 006 Muscles . . .  . 88 
Ligooramnii . . . | 006 Hair... ww 4D 
Gre =. 1. 08 Bain. . . . «80 
Meus 5... 08 Egg - . . . . 16 
Bod . wk OF Neves 5. ws, 2241 
Be. 2. 4). 0 Adipose tissue.  . . | 827 
Mike. 0. 0... 48) | Marrow. 1. 960 


Tripalmitin CsHg(O.C,gH,,0)3 and tristearin CsH,(O.C,gH3,0)s 
tre the solid fats of the body, they are held in solution at the body 
temperature by triolein CsH,(0.C,,H930)s Trimaryarin is a mixture 
d the two first-named fats, Tributyrin C3H,(0.C,H,0); is found 
in butter. Trivalerin CyH,(0.C,H,O), exists in the oil of marine 
nimals like the seal. Tricaproin CyH,(0.C,H\10)y, tricaprylin 
C,H(0.C,H,,)s, and tricaprin CsH,(O.C\oH,90); are found in 
nilk and butter. 

In the decomposition of fat, we may find propionic, acetic, and 
formic acid, which are absent from the fat in the fresh condition. 
This occurs when a fat becomes rancid, and is doubtless produced also 
ty the action of putrefactive organisms in the alimentary canal. This 
isreally a process of oxidation: the way in which a lower term of the 
tries is thus produced may be illustrated by the following equations :— 


C,H,0,+0,=C,H,0,+C0,+H,0 
[propionic acid) [acetic acid) 


C,H,0, + 05=CH,0,+C0,+H,0 
[ucetic acid) (formic acid) 


CH,0,+0=C0,+H,0 


[formic acl] 


Lecithin.—This substance (C,;H,,NPO,) is a wax-like material, 
which can be separated from the nervous tissues and blood cor- 
puscles. According to some observers it occurs in nervous tissues 
in combination with a nitrogenous glucoside called cerebrin to form 

n. 

When boiled with an acid or alkali, lecithin yields ylycero-phos- 
Phoric acid, stearic acid, and an alkaloid called neurine or clfoline. 

Lecithin is abundantly found also in the seeds of many plants.! 


1 Schulze and Steiger, Zeit. physiol. Chem. xiii. 865. 
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AROMATIC COMPOUNDS 


We have already seen how several different substances may exist, 
having the same formula, Isomerism, as this is termed, is due to 
differences in the atomic constitution of the molecules. 

Take the substance known as ethyl chloride: this has the formula 
(C,H,Cl, and can be represented graphically only under one possible 
form :— 


H H 
| | 
H—C — CCl 
| 
H 4H 


But in the case of a substance having the formula C,H,O, there 
are two possible arrangements of atoms :— 


HH H H 
ro d | | 
H—C—C—OH and H—C—O—C—H 
| | | 
HH H H 
[ethyl we tho!) [methyl ether] 


and as a matter of fact the two substances, ethyl alcohol and methyl 
ether, actually exist. 

Or take the case of propyl chloride: again we have two, and only 
two, possible arrangements of atoms, and actually the two isomerides 
have been found to exist. 

HHH HHH 
rage ti | 
H—C—C—C—Cl and H—C—C—C—H 
(ee ie 
k HH HC it 


[orthoprops1 chlorite} [isopropy! chlorite] 





In the case of compounds containing more than three atoms of 
carbon, the isomerides possible are more numerous, and those that 
actually exist are also more numerous. It does not, however, neces- 
sarily follow that actual compounds exist, corresponding to all the 
possible combinations, and a law of limitation is still wanting 
(Dittmar).! 

One of the most striking of these instances is that of benzene ; this 
substance has the formula C,H, ; there are more than thirty possible 
arrangements in which the atoms might be strung together, and yet 


1 MeKendrick’s Physiology, vol. i. p. 51. 
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ooly one benzene exists. Kekule! represents the constitution of 
bewene thus :— 


that is, the six atoms of carbon do not form an open chain as in the 
abstances of which the graphic formule have just been given, but a 
lowed ring (the benzene ring). In this ring every two neighbouring 
Cs are united alternately by a single and a double bond, and the 
fourth combining power of each C is satisfied by the H. 

This substance benzene is the foundation of the aromatic group, 
which contains very numerous members. These can be derived by 
substituting one or more atoms of hydrogen, by more or less compli- 
ated radicles. If for instance one atom of hydrogen be replaced by 
one of chlorine, we obtain chlor-benzene, a substance of great stability. 
If one atom of hydrogen be replaced by hydroxyl (HO), an alcohol-like 
mbstance, phenol is obtained ; but it is distinguished from the alcohols 
in the same way that chlor-benzene is distinguished from the alcoholic 
chlorides : viz. the OH is more strongly attached than it is in the 
alcohols. 

One of the hydrogen atoms is also replaceable by NO, (the radicle 
of nitric acid), to form nitro-benzene (C;H,NO,), or by amidogen NH, 
(to form amido-benzene or aniline, C|H;NH,), and thus nitrogenous 
aromatic compounds are obtained. Or, again, hydrogen may be replaced 
by radicles containing carbon, and so substances containing more than 6 
atoms of carbon are added to the group ; for instance 1, 2, 3 or more 
atoms of the hydrogen are replaceable by methyl, and we get the 
following series :— 


Benzene . . . .  « CgHy 
Methyl-benzene (Toluene) . . ~— CgH(CH) 
Di-methyl-benzene . . «Cg (CHa) 
Tri-methyl-benzene . . .  CgH3(CH,); 
Tetra-methyl-benzene. . .  C,H,(CHs), 


1 Liebig’s Annalen, vol. exxxvii. p. 160. 
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Again a similar series is obtainable with ethyl, and all the other 
alcohol radicles ; still further complication is produced by replacing 
some H's with one, and some with another kind, of radicle; and even 
more complicated compounds than these can be reached, because the 
atoms of hydrogen in the methyl, ethyl, &c., are replaceable by other 
elements, or other radicles. 

In addition to all this, isomerism has to be reckoned with. If we 
represent the molecule of benzene by a hexagon, at the corners of 
which the carbon atoms are placed, it is seen that three isomeric 
di-methyl-benzenes can exist; in which the two methyl groups have 
‘the positions indicated by the figures : 

a, Land 2, Ortho-di-methyl-benzene, . 
6. Land 3. Meta-di-methyl-benzene. 
¢. | and 4, Para-di-methyl-benzene. 

No other cases of isomerism are here possible; as 1 and 6 is 
identical with 1 and 2; and | and 5 with | and 3, 

One more example of this kind of isomerism may be given: 
pyrocatechin or catechol has the formula. Ost Orr 3 Le. two atoms 
of hydrogen in benzene are replaced by hydroxyl. This substance 
stands to phenol, as ethene glycol does to ethyl-alcohol ; it isa diatomic 
phenol. But the hydroxyls may have different positions, as the 
methyls in the example just given, and thus we have two isomerides 
of pyro-catechin, which are known as resorcin and hydroquinone 
respectively, 

We may now take seriatim the members of this important family, 
which are interesting to the physiologist, either because they occur in 
the body, or are useful as drugs or reagents. 

Phenol or Carbolie acid CoHy.OH is a white crystalline substanes, 
fusing at 42°C., boiling at 184°, and forming the chief constituent of the 
heavy coal oils. Perchloride of iron gives with it » deep violet colour. 
A chip of fir or deal moistened with phenol and then with dilute 
hydrochloric acid and exposed to the light turns a deep greenish blue. 
Phenol reduces silver nitrate, When heated with nitric acid, trie 
nitrophenol O,H,(NO,),0H, commonly called picric acid, ix formed, 
An aqueous solution of phenol gives with bromine water a yellow- 
ish crystalline precipitate of tri-bromo-phenol (CsH,Br,.OH), This 
reaction may be used for-the quantitative determination of phenol, 
Phenol gives in addition the following colour reactions : 


a. A blue or greenish colour, on adding a quarter of its volume of 
ammonia and a few drops of potassium chloride. 
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4. A blue colour in presence of a little aniline and an alkaline solu- 
tion of sodium hypochlorite. 

¢. An intense red colour with Millon’s reagent. 

dA brown colour changing to green and blue on adding fuming 
nitric acid, or a 6 per cent. solution of potassium nitrite in strong 
salpburic acid. 

Phenol occurs normally in the urine, sweat, and feces in small 
quantities, but especially after medical or surgical treatment with 
arbolic acid or other drugs containing a benzene nucleus. It is 
wldom present in the free state, but usually as phenol sulphate of 
potassium (C,H,0.SO;K). The dark colour of the urine in carboluria 
isdue to one or both of the two isomerides, pyrocatechin and hydro- 
chinon. On exposure to the air (oxidation) in an alkaline urine these 
mbetances turn dark brown. Phenol is formed by the activity of the 
pancreatic ferment and putrefactive organisms on proteids in the intes- 
tine, That normally in the urine is absorbed from the intestine. 

Pyrocatechin or Catechol Cg>H,(OH),,—This occurs in small 
quantities as a conjugated-sulphate in the urine. It is a crystalline 
mbstance, which turns brown on oxidation in alkaline solutions, and 
gren on admixture with ferric chloride. It was called aleapton by 
Bodeker, when he found it in abnormally large quantities in certain 
arines. It must be carefully distinguished from sugar, as it reduces 
alkaline solutions of copper salts like Fehling’s solution. It occurs 
in the cerebro-spinal fluid. It is one of the products of the decom- 
position of proteids. 

Creaol C;H,(HO).—This is a derivative of toluene or methyl- 
benzene (C;H,). It is contained in crude carbolic acid. It boils at 
200°C. It also is a product of the decomposition of proteids, and so 
is found in the feces, and a small quantity passes into the urine as 
cresol sulphate of potassium. 


Benzyl alcohol has the formula SAO: ite aldehyde is 


C,H,.COH, ie. the alcohol minus Hy ; and an acid is formed by replac- 
ing the H, by 0. The aldehyde is known as il of bitter almonds, and 
is the result of the decomposition of the amygdalin contained in the 
almond. The acid is called benzoic acid C;H,O,. This occurs in the 
urine, especially of herbivora, combined with zlycocine or amido: 
acid (CH,0,.NH,) to form hippuric acid (CyHgNO3). The rac 
benzoic acidl is called benzoyl (C7H;0). 

Salicylic or Oxybenzyl group. The members of this group are 
closely connected with the benzoyl group ; they are benzoyl compour 
in which an atom of hydrugen is replaced by hydroxyl (HO). 
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indoxyl, C,H<NO). This substance does not apparently occur in the 


Skatole OgHyN is methyl indole, CsH,(CH,)N, ie. indole in 
which an H is replaced by methyl, CH, When pure it occurs in 
dentate shining plates, having a fweal odour, and melting at 94°C. 
Fuming nitric acid gives with its solutions a white, cloudy precipitate, 
thus distinguishing it from indole. From its hydrochloricacid solution, 
it is thrown down, on the addition of picric acid, in the form of red 
needles. When present in the urine, it gives a violet-red colour with 

acid and chloride of lime. ] 

Skatole like indole is formed in the alimentary canal from proteids ;* 
‘most is exereted per reotum ; a small quantity is absorbed, and finally 
excreted in the urine and sweat. Absorption of a large quantity of 
indole, akatole, &e., produces disturbances of ‘the nervous’ aystem ; and i] 
many of the unpleasunt symptoms of constipation may arise from this 
onuse. 

In the urine skatole is found, like indole, in the form of an 
ethereal sulphate, The name of this compound is skatoxyl sulphate 
of potassium (CyH,NSO,K), It hax been surmised that this substance: 
may, like the corresponding indoxyl compound, give rise to a pigment. 
‘Mester* finds, however, that the amount of the so-called skatole- 
pigment is not proportional to the amount of the skatoxyl sulphuric 
acid; and he suggests that the chromogen of the pigment is « 
combination of skatexyl with glycuronic acid. 

Skatoxyl-potassium-sulphate is also present in the sweat (Kast)? 


NITROGENOUS ORGANIC COMPOUNDS 


A few nitrogenous organic compounds have already been described ; 
we have to deal now more especially with the organic derivatives of 
ammonia. 

Amines,—An amine isa compound ammonia, which can be obtained 
by replacing one or more atoms of the hydrogen in ammonia (NH) 
by alcobol radicles. Of these only one has been described in the body— 
trimethylamine N(CH;),, which occurs normally in human urine, and is 
found in guano, decomposing fish, and decomposing proteids generally, 
It is the substance to which the chamoteristic «mell of fish isdue, It 


1 Plast towed theco by Brioger (Ber. a deutich. chem. Ges, vol. vil. p. 724), anil 
Nerohd (Crntrattt, Med, Win. 2878, No. AT}, 
# Ze. physio. Chem. x31. 100, ® Tk. xi. GOL. 
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placed by NH, we obtain ORE Oe 
formula’ for glycocine or amido-acetic acid. It has been obtainel — 
synthetically by the action of monochloracetie acid on ammonia 
(C,H, ClO, +NH,=HC1+0,H )04). 
Tn a pure state glycocine erystallises 
bobedets: pelts cola ae 
ether or alcohol. The aqueous so! i 
‘When heated on platings fol, f8 . 
colourless residue, which, on warming: 
drop of caustic soda solution, forms an 


drop which runs about without touching | " 
surface of the platinum. (Scherer's test) 
AN x ‘When heated in a glass tube open at both 


ends, it sublimes, and a smell of 
eae lead is given off, 

lycocine is found in  akivatlan in glycocholic acid (cond 
Beers asits Mier tld (in the urine). Tt is a prod 
decomposition of proteids, and also of gelatin, mucin, and other 
albuminoids. Tt occurs free in small quantities in the is ne AB A 
result of the decomposition of the bile that occurs there 
probably largely reabsorbed as such. Part may be transformed int 
(6) Leucine (CjH,sNO,) is amido-caproic acid, i.e. 
(G,H,,0,) in which an H is replaced by NH, : or, according to 
oxy-caproic or Jeucic acid (CgH,103), in which hydroxyl (HO) i 



























but insoluble in ether. By heat it is decomposed into earbonte nd 
amylamine (CgH,;NO,=CO,+C,H,\.NH,) ; by 
acid and ammonia (C,H, NOs HoxGsH1,,0,4 8H) ; wit 

sulphuric seid it yields ammonia and yalerianic acid ; with s 
permanganate, oxalic acid, carbonic acid, valerianic acid and 
Probably similar decompositions occur in the body, Pro 5 
Joucine is one of the intermediate products in the formation of 

Leucine ix most important as one of the chief d ositi m0 
‘of proteids, nnd is formed when proteids are decomposed 
acids or alkalis, or undergo putrefuction, and within the b 
activity of certain ferments, especially of one secreted by 
called trypsin. Tt is found in small quantities as a com: 
organs and tissues, particularly of the pancreas, Tn. 
however (spleen, thymus, &c.), it appears to be formed 
changes, and not to be a constituent of the healthy livi 






























cidation it yields benzoic aldehyde, by 
and carbonic acids, aie 
e2 


a 


heating (Hoffmann).* Tyrosine | fis generally fountlisloniy eile 
and like it results from the decomposition of proteids, 

(d) Amido-valerianic acid (C,H,,NO,) is a product of 
tion of proteids, but it only occurs in small quantities in © 
with leucine and tyrosine. 

(¢) Sareorine CsH;NO, is methyl-glycocine, i.e. 






(/) Creatine C,H,N,0,. Sarcosine (C,H,NO,) united to ey 
ON.NH) gives creatine. When creatine is boiled with baryta 
takes up water and yields sarcosine and urea 

gla ale rl 
Creatine crystallises with one molecule of water of 1 
in colourless rhombohedric prisms, soluble in water, almost inso 


a Soe an ame 
Ss 


(CyH,No), oxalic acid and carbonic 

Pi5. H—Crestiod els Aeaveq the body, by the urine, 

(9) Creatinine C,H,N,0 is creatine minus HO, Tt can 
by heating the latter with boiling water for a long time; 
readily by heating it with hydrochloric acid. When 
heated with baryta water it yields methylhydantoin (O/H 
ammonia (C,H;N,O4+H,O=C,H,N,O,+NH,), It oryst 
large colourless prisms soluble in water and alcohol, 
insoluble in ether. Tt has an alkaline taste and reaction. 
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omsists of a combination .of zinc-chloride with creatinine 
(C,H,N,O.ZnCl,). This test is used for the quantitative estimation of 
creatinine. ii. A solution of creatinine, 
ssinurine, acidulated by nitric acid gives 
with phosphomolybdic acid a yellow 
cystalline precipitate soluble in hot 
titric acid. iii. It reduces an alkaline 


wlation of cupric hydrate such as 
Febling’s solution. ( : 


(ht) Taurine C,H;NSO, is amido- 


ixthionic acid. Isethionic acid is sul- 
phurus acid in which an atom of i 
hydmgen is replaced by the monatomic ! 
ndicle oxy-ethylene (C,H,.OH). If 
thehydroxyl of this radicle be replaced 
by NH, we obtain taurine. The fol- Fig. 35.—Creatinine crystals. 
lowing formulse will assist in the understanding of this relationship : 
H,80,, Sulphurous acid. 
H(C,H,.0H)S80,, Isethionic acid. 
H(C,H,.NH,)80,;=C,H,NSO,, Taurine. 
Taurine is artificially prepared by heating ammonium isethionate 
(C,H»NSO,) which parts with HO and so yields taurine. 
Cyanic acid with taurine forms tauro-carbamic acid, in which form 
taurine is partially excreted in the urine 


(CNHO +C,H,NSO,=C,H,N,S0,. 


Ceyanie acid] {taurine} [tauro-carbamfe aciil] 












Taurine is probably partially disintegrated into simpler substances, 
and it has been conjectured 
that the alkalis of the bile may 
act upon it, and thus give rise \ 
to some of the sulphates in the 


urine. Taurine erystallises in 
olourless six - sided prisms, @ \ 
0 





wluble in water, but insuluble 
in alcohol and in ether. 

It occurs in the body in 
combination as tauro - cholic 
acid in the bile. A small quan- i 
tity of it occurs free in the 
feces from the decomposition 
of this acid that occurs in the intestine ; the greater amount that 


Fic, 36.—Tourine eryatals, a, pure ; 6, impure. 
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An uncrystallisable substance of doubtful nature, which has been 
described as a constituent of muscle juice. 

(b) Cryptophanic acid C\oH,,N,0,9 an amorphous acid said to 
exist in small quantities in human urine (Thudichum).! 

() Sulpho-cyanic acid CNHS united to potassium or sodium to 
fom a sulpho-cyanide (CNKS) is found in saliva, and occasionally 
alo in urine, milk, and blood. It gives a red colour with ferric 
chloride, due to the formation of sulpho-cyanide of iron. 

(d) Cynurenic acid Cy9H,,N,O, is found in dog’s urine? It isa 
decomposition product of proteids, but is apparently not derived from 
the putrefaction, which occurs in those substances in the alimentary 
anal (Baumann). On heating its crystals, which contain two 
molecules of water of crystallisation, to 250° a base called cynurin 
C\H,«NyO, is obtained! By means of certain reagents Kretschy 
obtained chinolin CyH;N from it. 

(¢) Urocanic acid CgHN,0.+2H,O was found in the urine of a 
dog in which the urea was diminished. At 212°C. it breaks up into 
arbonic acid, water, and a base urocanin C,,H,)N,O (Jaffe). 


' Journ. Chem. Soe. (2) viii. 182. 
1 Hofmeister, Zeit, physiol. Chem. v. 67. 3 Zeit, physiol. Chem. x. 128. 
4 Schmiedeburg and Schultzen, Ann. Chem. Pharm. elxiv. p. 158. 

Ber. d. deutsch. chem. Getellsch. xii. 1673. * Tid. viii, p. 811. 
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CHAPTER IX 
THE CARBOHYDRATES 


Tue carbohydrates form a most important group of organic sub- 
stances. They are found chiefly in vegetable tissues ; a few are founcl 
in the animal organism ; many of the vegetable carbohydrates are usec 
as food for animals, and so they are of importance in a consideration of 
animal physiology. 

The carbohydrates may be conveniently defined as compounds of 
carbon, hydrogen, and oxygen, the two last named elements being in 
the proportion in which they occur in water. 

They may be for the greater part arranged into three groups, 
according to their empirical formule. The names and formule of 
these groups, and the most important members of each, areas follows :— 

















1. Glucores 2, Snerones or Saccharoser | 2. Amplonee 
(CHO) (CuHas0n,) m(CoH.04) 
se | ea 
+ Dextrose +Cane sugar 
=Levulose + Lactose on : 
+ Galactose +Maltose + Dextrin | 
Inosite + Melitose Cethilose 
=Sorbin + Melizitose | Gums \ 
=Eucalin + Mycose | Tanicin 


— Synanthrose 





The + and -- sign in the above list indicate that the substances 
to which they are prefixed are dextro- and levo-rotatory respectively, 
as regards polarised light. The formule given above are merely 
empirical ; and there is no doubt that the quantity » in the starch 
group is variable and often large. Investigations relating to the mole- 
cular weights of the different carbohydrates have yielded very unsatis- 
factory results.' The most recent work in this direction is that of 
Brown and Morris? The method these observers adopted was devised 
by Raoult,? and is the outcome of his elaborate investigation into the 
laws governing the freezing-point of very dilute solutions. Briefly 
1 Musculus and Meyer:(Bull Soc. Chim. (2) xxv. 370) 
relative size of the molecules by observing their rate of diffusion. 
2 Trans. Cl joc. 1488, p. 610. 


3 Ann. Chem. Phys. 1883, 1444, 1885, 1886. Comptes rend. 94, 1517; 101, 1056; 103, 
1307. 





empted to determine the 
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satel, the law is as follows :—When certain quantities of the same 
mubstance are successively dissolved in a solvent, on which it has no 
chemical action, there is a progressive lowering of the freezing-point of 
the solution, which is proportional to the weight of the substance dis- 
wired in a constant weight of the solvent. It is unnecessary here to 
describe the actual methods employed, and will be sufficient to quote 
the principal results obtained by Brown and Morris. 





Substance Formula of Molecule Molecular Weight 








Dettrose6 gw wwe 180 i 
Cane sugar before inversion. | 342! 
Cane sugar after inversion. . | 1800 | 
Mikes ee tl 342 
Arabinose Babee eee 150! 
Rafinose 594 
Galactose A a” Ig 1800 i 
Inulin. . . . . 1980 
Dertrin . - > . . on 1800 
Soluble starch 5 ws | 9000 
Starch . =. =. «=. ~~ It was found impossible to apply the 


method satisfactorily to starch ; anum- 
ber of fairly concordant results, how- 

| ever, pointed to a molecular weight of , 
20,000 to 30,000. H 





The carbohydrates are not however simple compounds of carbon 
sith water ; their reactions and derivation products show that their 
molecular structure is more complicated : they are in fact derivatives 
of the hexatomic alcohol, mannite. The glucoses may be regarded as 
the aldehydes of mannite ; they contain in their rational formula the 
characteristic aldehyde group COH. Thus :— 





CH,.0H Cs.08 | 
{ 

(CHOW), |= CH, ,0¢ (ton: \ = O,Hy20¢ 
CH,OH j CoH 


‘Mannite Glucose 

The sucroses are condensed glucoses, i.e. they are formed by the 
combination of two molecules of a glucose with the loss of one mole- 
cule of water (C,H, ,0,+CgH 120, —H,O=C,,H2,0,,). Theamyloses . 
may be regarded as the anhydrides of the glucoses (C,H,,0,—H,O 
“cH 100s). 

1 Thin confirma Kiliani’s observation that dextrose and levulose yield hydroxy-ncids 
containing seven atoms of carbon. 

2 Cane sugar and maltose are thus isomeric, not polymeric. The difference in their 
properties must therefore be due to difference of the arrangement of the atoms in their 
molecules. 
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of 1°34, and dilute with water to 500 c.c, ‘These solutions should be 
kept in well-stoppered bottles, and before using equal volumes of Aand 
B mixed together. The result is a dark blue solution, the Roel 
Gop sa gene pon iemeae pear agss The ecttian seit 












the Fehling’s solution, which should remain unaltered by t 
ment. On adding a little solution of sugar and boiling, a red; 
tate of the euprous oxide or hydrate occurs. 





boiled. A grey or black precipitate of metallic bismuth is 
4. Silver test.— Add ammonia in excess to a little strong 


5. Moore's test.A—Heat the solution of dextrose with a: 
caustic potash. The mixture becomes yellow, and, on e3 
air, brown from the formation of melassic and glucic acids, 

6. Picric acid test.—Heat the solution of dextrose with a 
of solution of picric acid, and heat, Add a little caustic 
brown-red solution is obtained. 

T. Lndigo-carmine test.—A solution of dextrose is re 
blue with indigo-carmine, and faintly alkaline with sodium c 
It is then heated to boiling without agitation ; it turns 
Fellow, but if it is shaken the blue colour is restored. 

8, Fermentation test.—A test-tube is half filled with so 
dextrose and a little dried German yeast added. Invert the tal 
mercury, and leave it in a warm place for 24 hours, The su; 
undergo fermentation; carbonic acid gas accumulates in the 
the liquid gives the tests for alcohol. A control Y 
made with yeast and water in another test-tube, as a 
carbonic acid is often obtained from impurities in the yeast. 
| Bottger, Journ. prakt, Chem. lex. (1887), p. 482. Nylander, Zeit. 


Son cl 
Moare, Hancet, 44, t.; Heller, Arch. f. mike. Chem, vol i. 184 











= i = 


98 THE CHEMICAL CONSTITUENTS OF THE ORGANISM 


results. The reason of this is, that a constant factor is an impos- 
tea see eoocresee(as/the. peseanert ner Coa 

the mathematical demonstration of this fact se Budde (Piltiger’s 
ASramaree 

3. Fehling's: method.—10 cc. of Febling's mixture (see p. 95) cor- 
responds to 0°05 gramme of sugar. 

The solution to be tested should not contain more than about 05 
per cent, of dextrose. It will be found necessary to dilute strong solu- 
tions, and most diabetic urines,’ with 9 times the amount of water ; this 
must be allowed for in the subsequent calculation. 

The solution of dextrose is placed in a burette; and 10 cc. of 
Fehling’s mixture diluted with 40 c.c. of water, in a white porcelain, 
dish. The Fehling’s mixture is kept constantly boiling, and the sugar 
is run into it from the burette gradually. The cuprous oxide is thrown 
down as a red precipitate, and the blue colour of the solution gets less 
‘ond less, and finally diseppears. When the blue colour has gone. the 
burette is read, and the quantity of solution of sugar used, is that 
which contains sufficient sugar to reduce 10 c.c, of Fehling’s mixture, 
ic. 0-05 gramme of sugar. 

Suppose 5 c.c. of the solution reduced 10 ¢,¢, of Febling’s mixture 
(=0-05 gramme sugar); then the percentage of sugar Oh ste 3s 
=0°526 ; and if the solution, or the urine had been previously diluted 
10 times, the percentage of dextrose in the original solution =0°526 x 10 
=526. 


Tn order to insure accuracy it is always advisable to make « second 
observation, using the first only as an indication, and proceeding more 
cautiously. Beginners often find it difficult to determine exactly the 
point at which the blue colour has completely disappeared. In such 
a dilemma, a little of the hot fluid should be quickly filtered through a 
thick filter paper, the filtrate acidulated with acetic acid, and a drop of 
potassic ferrocyanide added. If copper is present a brown colour or 
precipitate is produced ; in this case, more of the sugar solution must 
be added, and the operation continued until the filtered hot fluid gives 
no reaction for copper. Flickiger? recommends that a small quantity 
of calcium chloride should be added before filtering, in order to prevent 
the mechanical suspension of finely divided cuprous oxide in the 
solution, and Hagemann? has pointed out that in the case of urine, it 
is necessary to test the first two drops of the filtrate; for by the time 


1 If the erine és altruminous, the albumin must bo fret separated by acidulating with 
Ailute acetic ach’, boiling, and filtering. 
2 Zeit, phystol, Chem. ix. 885, * PAlager’s Archiv, slid 601. 
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reduce a given quantity of Febling’s solution, it would require ten 
parts of a solution of lactose of the same strength to reduce the same 
quantity of Febling’s solution. 

By bviling with water, or more readily by boiling with dilute acids, 
er by means of inverting ferments, as in the alimentary canal, it takes 
up water and is converted into a glucose called galactose : 

Cy2H 220), + H,0=2C,H 20, 
Uuctose] [galactose] 

With yeast, lactose is first inverted to galactuse, and with this the alco- 
holic fermentation takes place ; but this occurs slowly. With the lactic 
acid organism, that which brings about the souring of milk, the lactic 
acid fermentation is produced ; this may also occur as the result of 
the action of putrefactive bacteria, e.g. in the alimentary canal. ‘Ihe 
lectic acid fermentation consists of the two stages represented by the 
following equations :-- 

(1). C\gH,20,, +H,0=4C,H,0, 

[inet 990] [inet!e weit] 
(2). 2CsH,O,=C,,H,O,+2CU, + 2H, 


[netic webt] —— (burzafe ae‘] 





Nitric acid oxidises lactose to mucic acid. 

To detect lactoxe in milk.—Acidulate slightly with acetic acid, buil, 
filter, and test the filtrate with Fehling’s solution, or by Bottger’s 
bismuth test. 

To prepare lactose from milk.—Acidulate with acetic acid to pre- 
cipitate the casein and fat; filter ; boil again to precipitate albumin 
and filter again ; evaporate the filtrate to a small bulk ; set aside to 
erystallise ; the crystals may be purified by recrystallisation, 


MALTOSE 


Maltose is the end product of the action of malt-diastase on starch, 
and can also be formed as an intermediate product in the action of 
dilute sulphuric acid on the same substance. It also appears to be the 
chief sugar formed from starch by the diastatie ferments contained in 
the saliva (ptyalin) and pancreatic juice (amylopsin). 

Maltose can be obtained in the form of acicular crystals ; aqueous 
solutions are strongly dextrorotatory. (a)p=+150°. Solutions of 
maltose reduce alkaline solutions of copper, bismuth and other metal- 
lic salts ; but its reducing power as measured by Fehling’s solution is 
one third less than that of dextrose. 

By prolonged boiling with water, or more readily by boiling with » 
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slution with water, and is not precipitated by basic lead acetate, as is 
shyeogen. 

Prolonged boiling with water or boiling with dilute mineral acids 
converts glycogen into dextrose. The ferments of the salivary glands, 
ofthe pancreas, and glycerine extracts of liver and other organs change 
fyeogen into maltose, intermediate products of the nature of dextrin 
being formed in each case, as with starch. During the processes of 
wetabolism that occur normally in the liver, glycogen is not only stored 
wpinthe cells, but a certain amount of the stored glycogen is trans- 
formed into sugar and leaves the liver by the hepatic vein. The form 
d sugar so formed is not maltose but dextrose. 


CELLULOSE 


This is the colourless material which composes the cell-walls and 
woody fibre of plants!; it may be obtained in the pure state from 
ctton or linen fibre by boiling out impurities with alkali, alcohol, and 
ether. 

It is insoluble in water, alcohol, or ether, but dissolves in an 
ammoniacal solution of cupric oxide. From this solvent it may be 
reovered in an unchanged form. 

By the action of strong sulphuric acid, cellulose is converted either 
intoan insoluble substance which colours blue with iodine, or into a 
wluble substance of the nature of dextrin. A useful material called 
Yegetable parchment is prepared by dipping sheets of paper into strong 
nlphuric acid. By boiling with dilute sulphuric acid cellulose is con- 
verted into dextrose. The various digestive ferments have little or no 
ution on cellulose. 

Cellulose is, however, not confined to vegetable tissues. It is the 
thief constituent of the test or outer investment of the Tunicates, and 
issometimes called tunicin. Schiifer? found that the cellulose obtainable 
fom the mantles of the Pyrosomide, Salpide, and Phallusia mam- 
nilaris has the same elementary composition as vegetable cellulose, 
ind has also identical properties ; for instance, it dissolves in cupram- 
nonia, and is converted by nitric acid into an explosive nitrate soluble 
in ether (gun-cotton). 

According to Berthelot? tunicin differs from cellulose in being less 
eaily convertible into dextrose by the action of dilute sulphuric acid. 


! The different varieties of cellulose will be found described in Watts' Dict. of Chem. 
vol i. 1488, 

* Annal. Chem. Pharm. clx. 812. 

4 Ann. de Chem. et de Phys. Sér. 8, tome 56, p. 158. 
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gberules. When boiled with dilute acids it yields levulose. Its formula is 
XCHeOn)- 

Rafinoee, a crystalline carbohydrate which can be separated from molasses. 
lw formula is C,,H,0,,; the crystals contain five molecules of water of 

leatiteas 

Dertrane, C,H,,0, a gummy substance occurring in unripe beetroot 
(Bheibler).* 

Lickin, (C,H,,0,)q occars in the intercellular substance of Iceland moss and 
certain 

Paramylum (Zooamylum : Biitschli), (C,H,.0,),, Occurs in the form of granules 
reembling starch in the infusorian, Euglena viridis, and in all gregarinw.? 

Paragalactin and other insoluble carbohydrates in the cell membrane of seeds 
which occur there with cellulose, differ from it in being insoluble in ammoniacal 
lutions of copper oxide (Schulze).* 





GLUCOSIDES 


The substances constituting this class occur in many plants, and a few are 
fomd in animals also. They yield on decomposition a carbohydrate, generally 
Aghuoose, together with other substances. 

Anygdalin in bitter almonds may be taken as.an example. In the bruised 
alnoad a ferment called emulsin or synaptase produces from it bitter almond oil, 
byiroeyanic acid, and glucose :— 

C,H,,NO, + 2H,0 = C,H,O + HON + 2C,H,,0, 
{amygualin) Chpuride of Cnytrocranie [glucose] 
071) 1d) 

The following equations represent the decompositions of a few other important 

‘egetable glucosides :— 





CyH,0, + H,0 =0,H,0, + 0,H,.0, 


[salicin) [ealigenin} [giucose} 
CyHz0,, +4H,0 = 3C,H,0,+CH,,0, 
[tannin] igaitte ma [glucose] 
CH, ENS,0,. = B}so, + Sir, } Un + 04,0, 
(peau chgdogen % Lelaooee] 
sulphate) 


Among other important vegetable glucosides are digitalin, ruberythric acid 
(which yields alizarin). coniferin (which yields vanilin), and indican* (which 
Felis indigo, seo p. 78). 

The animal glucosides are: (1) mucin, which yields a proteid and animal 
gm; (2) cerebrin (sce nervous tissues); (3) chitin (see epithelial structures) ; 
4) camainic acid (ses pigments), 





GLYCURONIC ACID 


_Glscanmi¢ acid ix a substance which occurs under certain circumstances in 
ul from the fact that it rotates polarised light to the right ((@)p = +19), 
wl relues alkaline solutions of copper oxide, is apt to be mistaken for dextrose. 


! dahreab. f. Chem. Technologie, 1875, 790. 
7 Manyas, Compt. rend. 3 Ber. deutsch. chem. Gesell. xxii. 1192. 
* The indican of urine in, however, not a glucoside, see p. 79. 
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CHAPTER X 
THE PROTEIDS 


‘Tne proteids are the most important substances that occur in animal 
and vegetable organisms ; none of the phenomena characteristic of 
life occur without their presence. They are invariable and constant 
constituents of protoplasm. 

The term proteids was originally given to these substances by 
Mulder (xpureioy, pre-eminence), and the name is a convenient one in 
which to include all the heterogeneous members of the group. It must 
not be supposed that in adopting Mulder’s nomenclature we in any 
way accept Mulder’s theory of the constitution of proteids, which will 
be referred to later. 

The expressions ‘proteid’ and ‘albuminous substance’ are 
synonymous. The word ‘albumin’ is restricted now to a definite class 
of proteids. The word ‘albuminoid’ should be restricted to a class of 
compounds (gelatin, mucin, &c.), which, although having certain re- 
semblances to the proteids, differ from them in many important points. 
The words albuminate, albumose, albumid, &c., are applied to certain 
derivatives of the proteids ; these terms should always be most care- 
fully used, as their similarity to one another is apt to give rise to 
confusion. 

The following short description of the proteids must serve in lieu of 
a logical definition ; for although the proteids are the most important 
of all organic substances, they are those about which we have the least 
information. 

* Proteids are highly complex and (for the most part) uncrystallisable 
compounds of carbon, hydrogen, oxygen, nitrogen, and sulphur, occur- 
ring in a solid viscous condition, or in solution in nearly all the solids 
and liquids of the organism. The different members of the group 
present differences in physical and to a certain extent even in chemical 
properties. They all possess, however, certain common chemical re- 
actions, and are united by a close genetic relationship (Gamgee).' 


1 Physiol. Chem. p. 4. 





albumin itself is unknown, that of its compounds is much more in 
in obscurity. In spite of this, various substances have been prep 
‘os the result of the action of nitric acid on albumin, and names 
albumin, hydroxytrinitro-albumin, hexnitro- and hexamido-alb 
acids,! &c., with formule have been given to them. Tt ney 
hardly be said bow exceedingly ancertain all this is, and that differ 
analysts give different results. By oxidation with potassium perman- 
ganate, Maly* obtained a substance to which he gave the name oxy- 
protosulphonie acid, These substances on further oxidation break 
into simpler compounds like those already enumerated (fatty acids 
amido-acids, aromatic bodies). 
From results such as these, in which we seo that amides, aromati 
substances, and fatty derivatives are the most abundant, Gautier? 
concludes that the different proteids differ in the arrangement, on, 
proportion, and in some cases even ia the nature of their cont 
radicles, 















We can now pass on to consider briefly the various theories | 
have been heli with regard to the constitation of the proteid molecule, 
a, Mulder's theory.—Mulder* observed that by the action 
caustic potash, sulphur was removed from a proteid, and he called the 
‘sulphur-free residue protein, and ascribed to it the formula Cy gH eN Oye 
‘He considered that the different proteids were combinations of * protein” 
with different amounts of sulphur. Liebig and others pointed out that 
‘the warming of a proteid with potash removes not only sulphur, but 
als ammonia ; and even though the residue gives no further colour with 
load calts, it still retains some sulphur, It is thus possible to speak of 
two forms of sulphur in proteid, that which is loosely and that which | 
is firmly combined.’ Farther investigation has clearly shown that 


4 Lowen, J. gers Over. (2) ihe 180. 

* Gontralbl. med. Wiss, 1885, 740, Maly's Jaheyah, xvili, 10, 

5 Chimie appliqués A la phyniol. i, 258. 

# Ann. Chem, Pharw, tii, 221, 

* Dunilowsky, Zeit, phywiol. Chem, vil AN. A. Kriiger, PAiger’s Archip, xliil. 
244. In the latter paper will be found an intoresting series of sugyestions as to the 
way In which these two forus of sulphur aro combined. 


= ee 



















iving p poSerirampen reap 
ob in the form of amidogen (NH,), and enters into combination — 
with carbon to form the more unstable substance cyanogen (CN). We 
thus find uric acid, creatine, guanine, ée., as products of proteid meta- 
“bolism, while none of such cyanogen-containing bodies are obtainable 
from non-living proteids, 
d, Loew's theory.—The researches of Loew and Bokorny' have 
taken the same direction as those of Pfliiger, that is, they are mt-— 
tempts to explain the distinetion between living and dead protoplasm. 
Living protoplasm or proteid in the cells of various alge has the 
property of reducing silver from a weak alkaline solution of silver 
nitrate ; dead proteid has no such effect, and animal protoplasm is so 
quickly killed by silver nitmte that it also does not give the reaction. 
The conclusion arrived at is that something of the nature of an 
aldehyde occurs in living protoplasm. Formic aldehyde is probably 
formed in plants by the union of carbon and water ; if this is united 
to ammonia, aspartic aldehyde is formed, thus >— 


4CHOH +NH,=NH,.CH.COH 
+2H,0 


.COH 
[forete whbohyde) Tanmetio aldehyde) 


By polymerisation of aspartic aldehyde, we have— 
* se 








| =Cistt.§,0,+2H,0 


and by further polymerisation in the presence of a sulphur compound 
and hydrogen, we get 6C,,H,;N,O,+H,8 +6H,=O; H,.N 80s, 
+2H,0, which represents the composition of ordinary albumin. The 
weak point of tho theory is that the aldehyde of aspartic acid ix 
unknown to chemists; no doubt it is a most unstable substance. If 
such an aldehyde group does exist in living proteid, the instability of 
proteids is explicable, because molecular movements would be con- 
stantly occurring in the aldehyde group. 

« Latham's theory.—Latham ? considers living proteid to he com= 
posed of a chain of cyanaleohols, or eyanhydrins as they are some 
times termed, united to a benzene nucleus. 


1 Loe. cit * Brit. Med. Jowrn. vol. 4. 1886, p. 089. 
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earefally distinguished from ferment coagulation—a process by means 
of which a ferment converts a previously soluble into an insoluble 
proteid ; as instances of ferment coagulation the formation of fibrin in 
‘shed blood under the influence of fibrin-ferment, or of a curd of casein 
in milk under the influence of rennet, may be taken. 

‘The temperature at which a proteid enters into the condition of # 
heat-coagulum is fairly constant, and may be employed as one of the 
means of ascertaining what proteid is present in a given solution. The 
temperature varies somewhat with the reaction of the solution,' with 
the quantity and nature of the salts also present,* and, under certain 
circumstances, especially in an alkaline solution with the concentration 
of the solution.* 

‘Unless « solution is very concentrated the contained proteid is aot 
coagulated by heat in an alkaline solution, as it is converted into 
alkali-albumin ; if the quantity of alkali is, however, very small, the 
temperature of heat-coagulation is raised. A neutral solution becomus 
alkaline after the separation of a heat-coagulum, and this alkalinity 
(produced no doubt by an alteration in the salts related to the pro- 
teid) may hinder the coagulation of the remaining proteid in the 
solution, 

It is generally advisable to have the solution very faintly acid; a 
weak solution of acetic acid (2 per cent.) may be employed for the 
purpose of acidification. Acid-wlbumin does not form so readily as 
alkali-albumin, and the presence of a small amount of acid renders 
easier the separation of the coagulated proteid into floceuli, which can 
be then removed by filtration. An excess of acid lowers the tempera- 
ture of coagulation, or it may convert the proteid intoacid-albumin and 
80 prevent coagulation altogether. 

The simplest method of ascertaining the temperature of heat- 
congulation is to place enough of the solution in a test-tube to cover 
the bulb of a thermometer. The test-tube, the contents of which 
should be kept constantly stirred by the thermometer, is then placed 
in a flask containing water and situnted over a Bunsen burner. As 
the temperature rises the point at which flocculi separate should be 
carefully noted ; a few degrees below this point the liquid becomes 
thick and opalescent. A form of double water-bath consisting of two 
beakers one within the other is recommended by Gamgee,* and Schiifer® 


} Halliburton, Jowrn. of Physiol v. 105. 
2 Limbourg, Zeit. phyviol. Chem. xiii. 42. 
# Hayoraft, Brit, Med. Journ. vol. i. 1890, p, 107. * Phymol. Chem. p. 15, 
4 Is my own work I have found certain inconveniences in the use of Gamgoe's 
and have therefore used Sehiler's. A desoription of it will be found in my 
paper in the Jowrn, Physiol. vel. ¥. p, 13%, 
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B Vegetable Proteids.—The amount of proteid matter in plants 
is ees than in animals. Proteids occur either dissolved in the juices 
df plants, or in the solid form composing the protoplasm in the plant 
cell, or often deposited in the form of granules (aleurone grains). 
Vegetable proteids do not differ in their essential characteristics from 
taimal proteids, but unlike most animal proteids they have frequently 
been obtained in a crystalline form. 

Much error and confusion has crept into our knowledge of vegetable 
Prteids from the researches of Ritthausen. He used caustic alkalis 
‘“ameans of extracting the proteids from the vegetable tissues, and 
consequently converted the native proteids, globulin, albumin, &c., 
into alkali-albumin. It is necessary to remember that the substances 
kegumin, conglutin, &c., which he thus obtained are artificial products, 
ad do not represent what is present in the plant tissues themselves. 

The vegetable proteids may be subdivided into the same six 
¢hwes as the animal proteids. 

Class 1. Albumins.—The term vegetable-albumin is often used 
synonyroously with vegetable proteid ; it should be properly restricted 
4s in animals to those forms of proteid which are soluble in water and 
cmgulable by heat. The greater part of the proteid congulable by 
heat in the juices and seeds of plants is of the nature of globulin, not 
abamin, Small quantities of a true albumin have been described by 

| Martin! in the juice of the papaw fruit, and by Green? in the 


' Journ. Physiol. vi. 886. 2 Proc. Roy. Soc. xl. 28. 
K2 


(6) Plant-myosin. This like animal myosin 
It also like the myosinogen of muscular tissue is converted into a 
insoluble substance by a ferment action; this substance ix 
gluten-tibrin and forms the basis of gluten (se further, next page) 

(c) Vegetable-paraglobulina? ‘This class of proteids coagul 
at 75° and precipitated by saturation with sodium chloride was 
described by Martin ; one of these proteids occurs in papaw jui 
another in latex, another in abrus seeds, 

Class 3. Albwminates.— Acid-albumin or syntonin and 
albumin sre formed readily by the action of acids and alkali 
respectively on the native globulins of plants. Plant-myosin like 
animal myosin is especially readily convertible into these albuminates 

a, Legumin, or vegetable casein. The term legumin appears to 
have been used synonymously for vegetable proteid by the earl 
investigators.* Tt bas been tho subject of laborious examfantion Syl 
Ritthausen.? We now know that it is simply alkali-albumin formed 
from the native globulins by the caustic potash used in extracting it 
from the plant. 

4. Conglutin is the logumin obtainable from almonds and lapines, 
Tt is more glutinous and more soluble in acetic acid, and richer in 





nitrogen than ordinary logumin (Ritthausen).!° 
* Journ. prakt. Chem, bexiv, 406. * Loo. cit, 
® Zeit. physiol. Chem. |. 208, 4 Journ. prakt, Chem. exxxi. 108: 
& Tid. p, an. © hid. (2) xix. a1, 


7 Martin, Proc, Physiol. Soe, 1867, p. 8. 
4 Kinhol, N. aligemein, J. dh. Chem. 0. A. Gehlen, vi. (1405), pp. 120, 548. Duimae 
and Cahours, Liebig, and others, also examined this sobstanoe, 

% Zeit. f. Chem. (2) iv, 5B, B41; vi. 196; J. yr. Chem. effi, 5, 74, 198, 273, 

10 J. yr, Cheers, (2) xxvi. 440. 
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Class 4. Proteoser.— Previous to Vines’s observations these were 
spoken of as vegetable peptones. Vines recognised that the aleurone 
gains did not contain true peptone, but a substance which he spoke of 
us hemi-albumose. Two albumoses of doubtful nature are described 
by Green in iatex. 

The following albumoses in plants have been more fully described 
(Martin): — 

a, a-Phyt-albumose. Very like proto-albumose, and probably iden- 
tial with Vines's hemi-albumose. Found in papaw juice, wheat- 
four, abrus, Associated in papaw juice with the ferment papain, 

4, 3-Phyt-albumose. Very like hetero-albumose. Found in papaw 


+. Insoluble phyt-albumose. A constituent of gluten. 

d, Vitelloses.' Intermediate products in the hydration of vitellin 
ualogous to albumoses, and subdivided like them into anti-, hemi-, 
proto-, hetero-, dys-, and deutero-vitellose. 

Class 5. Peptonex.—True peptone does not appear to be found 
utive in plants. It is formed from vegetable as from animal proteids 
by hydration processes, such as is brought about by boiling with dilute 
mineral acids, or treatment with gastric or pancreatic juices. The 
intermediate products are proteoses. 

Papain like pancreatic juice acting on animal proteids converts 
them in an alkaline medium into proteoses, and finally peptone ; acting 
a vegetable proteids, it stops short at the proteoses, no true peptone 
being formed. Leucine and tyrosine are, however, found in the tissues 
the plant (Martin)? Probably circulating proteid in the plant 
cmsists of albumoses. 

Class 6. Coayulated proteids.—a. Proteids in which coagulation 
hus been produced by heat. Albumin and globulin of vegetable origin, 
like the same substances of animal origin, are converted at a high 
temperature into an insoluble heat-coagulum. 

4, Proteids in which coagulation has been produced by a ferment- 
action. 

i. Gluten (the sticky constituent of dough which may be washed free 
fom starch by kneading in a stream of water) is probably formed by a 
fement.action from the proteids pre-existent in flour, This is sup- 
puted by the fact that washing flour with water at a low temperature 
(C,) does not lead to the formation of gluten. The ferment. has, 
boxever, not been separated.? 


‘Neumeister, Zeit. Biol. xxiii. 402. 2 Journ. Physiol. v. 219; vi. 886, 
“tohannsen (Ann. Agronom. xiv. 420; Abst. J. Chem. Soc. 1889, p. 296) has 
‘duuneed certain facts which tell against the ferment theory. 
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TABLES ILLUSTRATING METHODS OF TESTING FOR 
PROTEIDS 


The following tables present in a compact form the chief analytical 
methods of separating and identifying the most important proteids 
when in solution :— 


Tasir I.—One proteid only present 


a. With small portions of the solution ascertain the presence of a 
pote by the xanthoproteic, Millon’s, and other tests. 
4, Determine the reaction of the solution. 


Uf acid j If alkaline Sf neutral 
Test for acid-albu- | Test foralkali-albu- | Acid and alkali. 
nin This does not | min. This does not | albumin must be ab- 
cagulate on boiling, ' coagulate on boiling, | sent, unless neutral 
andgivesa precipitate and gives. precipitate | salt is present. They 
om neutralisation, dis- ; on neutralisation, dis- | do not coagulate on 
tolring again in excess | solving in excess of | boiling, and are pre- 
of alkali. ! acid. cipitated by satura- 
If caseinogen is | tion with MgSO, like 
. present test with ren- | globulins. For casein- 

net—see milk. ogen see milk. 


« Faintly acidify (if necessary) and boil. There may be a heat- 
agulum or there may not. 
Hf the proteid is coagulated by heat. The proteid is then either an 


ALBUMIN or GLoBULIN, 


which may be identitied as follows with fresh portions of the 
solution :— 


ALBUMIN GLOBULIN 
1. Gives no precipitate on _—_1. Is precipitated by saturation 
Mtoration with MgSO,. with MgSQ,. 
2. Ascertaintemperatureofheat- 2. Ascertain temperature of heat- 
coagulation. coagulation, 
3. Serum-albumin is not, egg- 3. Certain globulins (fibrinogen, 
albumin is, precipitated by ether. myosinogen, &c.) behave in a 
characteristic manner to certain 
ferments, 
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CHAPTER XI 
THE ALBUMINOIDS, FERMENTS, AND PIGMENTS 


THE ALBUMINOIDS 


Tne term albuminoid is used by some chemists synonymously with 
proteid. It is however best to restrict the name to a group of sub- 
stances which, although similar to the proteids in many particulars, 
differ from them in certain other points. No doubt in most cases they 
originate from proteids. They are especially abundant in the connective 
tissues and in epithelium, and they will be fully described in connection 
with these tissues. 

1. Collagen.—The substance of which the white fibres of connec- 
tive tissue are composed. It is probably the anhydride of gelatin. 

2. Oasein.—The collagen from bone. 

3. Gelatin.—The substance produced by boiling collagen with water. 
Soluble in hot, insoluble in cold water. It is not precipitated by 
acetic acid and ferrocyanide of potassium. It contains no sulphur. 
(a)p= —130°. 

By hydrating agents, such as heating with superheated steam, 
treatment with gastric juice, &c., it is converted into peptone-like 
substances, intermediate bodies analogous to the proteoses being formed. 
Salkowski! gives the following differences between proteid-peptone, 
gelatin, and gelatin-peptone. 





Proteia- i Gelatin. 
peptone Gelatin Ppone 
Adamkiewicz’ reaction © violet yellowish yellowish 
Addition of an equal) ' 
Yolameofconcentrated: dark brown yellow yellow 
H,S0, ) 
Millon’s reaction ~ reddish pp. _colourless colourless 


Xanthoproteic reaction deep orange © lemon-yellow lemon-yellow 


4. Chondrigen.—The organic basis of hyaline cartilage; it is a 
mixture of collagen and mucinoid substances. 


1 Berlin, klin. Woch. 1845, No. 2. 






















least without forming any constituent part of the final products. 

‘The fermenta are divided into two great groups. 

1. The organised ferments : that is tosay, living organisms. Ye 
and bacteria may be cited as instances. 

2. Enzymes or unorganised ferments. Chemical principles excreted 
either by organised ferments, or the product of the activity of other 
living cells, e.g, those of the glands of the stomach, pancreas, &e, 
different methods in which such ferments may originate withis 
cells are briefly described under ‘secreting epithelium’ (Chap. XXI). 

The ferments, whether they consist of living organisms or not, are 
exceedingly unstable substances, and thus resemble what we know 


intramolecular changes with which fe. is associated, that. contee © 
ferments their special power of producing molecular rearrangements 0 
the substances with which they come in contact. 

The actual ferments are substances which elude the grasp of 
investigator to a great extent. They however appear to be eith 
proteids, or substances nearly related to the proteids. In the case of 
certain ferments, however, it has been actually demonstrated that th 
are proteids, e.g. fibrin-ferment,' pepsin,? and malt dinstase® Tn 
case of diastase Loew has also demonstrated the interesting fret th 
like a living proteid, it contains an aldehyde radicle. Schiitzenbory 
analysis of yeast shows that this substance yields in addition to ino 
gunic salts and gum (arabin), a number of amido-acids (leucine, tyrosine, 
guanine, &e,), such as are always obtainable from proteids. | 


THE PIGMENTS 


STs anata Socen oles of subersnets &tbe exenice aaa 
‘The parely chemical pigments haye been the subject of pain i 
research, and this has been followed, especially in the case of thé antl 
dyes, with important industrial results, 

Bat the pigments occurring in nature have received, if not scant 
attention, at any rate a form of attention that has not resulted in | 
intimate acquaintance, and in many cases the field is still a blank. 


+ Halliburton, Jowrn. Physiol. ix. 2. * Langley and Edkina, Ibid. vis. 871. 
4 0. Loew, J. pr. Chem, (3) xxxrii. 101. * Compt. rend. Lexviii, 498, 
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body az the result of similar decompositions to those produced in th 
laboratory. Others, e.g. hemin, are never found in the body, 

The pigments occurring in other parts of the body are mostly 
derived from hemoglobin. 

Thus the pigments of the bile (bilirubin, ée.), of the urine ( 
ke.), of the frees (stercobilin, éc.), undoubtedly take their 
origin from hemoglobin, and it is possible that the source of thei 
hematins is the same. 

The pigments of the bile, urine, and feces have however no 
function, and appear to be merely the channels for the excretion 
‘effete ' blood pigment. | 

3. The Lipochromes.—These are the fatty pigments. The name 
lutein (Thudichum') was at one time given to the group. They 
exceedingly numerous, The chief members of the group aria 
follows >— 


(1) The yellow pigment of the corpus luteum : lutein, 

(2) The yellow pigment of fet, ater yolk ot a SS 
serum, 

(3) Carnotin, the colouring matter of the carrot and tomati 
lipochrome which has been more fully examined than many of the 
others, It, like all the rest, consists of carbon, hydrogen, and oxygety 
Its formula is C,.H,,0 (Husemann?). 















found it in 104 species of animals, both vertebrate and in 
Tb is the red pigment occurring in the shell, blood, and hypoderm of 
the lobster and allied crustacea, It has been the subject of study by 
MacMunn,* myself, and others. It probably has no such 
activity as Merejkowski imagines, and probably the word as used 
Merejkowski may include several distinct reddish lipochromes. 

(5) The chromophanes, The pigments of the retinal cones. ‘ 

(6) Visual purple; the pigment of the retinal rods is either ® 
lipochrome or closely allied to one. 

(7) Xanthophyll and other yellow pigments occurring in 
flowers, and fruit. 


1 Gentralbl. med. Wire, vii. 1. 
# Huwemunn, Léebig's Annalen, cxvii, 200, Arnaud, Compt, resid, cdi: 1139} 
1203, gives the formula CypHsq,, but ax no other coloured hydrocarbon ix 
probubly contains oxygen. 
> Zeit. wiss. Zool, xxi. 585, * Compt. rend. xeiii. 1080, 
> Proc. Birmingham Philosoph. Soc, iii. 891. Proc. Rey. Soc, 1886, yp 1. 
‘Journ Phywtot ve vi. 834, Y 


_— 
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occurs only when the organisms are growing, and stops when the 
organisms are removed or killed. 

‘This vitalistic theory of fermentation becomes especially important 
to the physiologist and pathologist when applied to disease. The 
‘germ theory,’ as it is termed, explains the infectious or zymotic diseases 
by considering that the change in the system is of the nature of 
fermentation, and like the other fermentations we have mentioned, 
produced by particular forms of bacterium ; the transference of the 
bacteria or their spores from one person to another constituting: 
infection. This theory hus not been fully veritied for every infectious 
disease by the discovery of a specific microbe ; many able investigators, 
however, considor it likely that the pathogenic germs of these maladies 
will be discovered, as in the cases of splenic fever, and relapsing fever, 
and a few others in which the specific bacterium has been already 
identified. 

‘There is, however, another class of chemical transformations, whieh 
differ very considerably from all to which we have hitherto alluded. 
They, however, resemble these fermentations in the fact that they occur 
independently of any apparent change in the agents that produce 
them. The agents that produce them are not living organisms, but 
chemical substances, the result of the activity of living cells. As 
instances of this class of chemical transformations, the following may 
‘be taken : the change of starch into sugar by the ptyalin of the saliva, 
the change of proteids into peptones by the pepsin of the gastric juice, 
the change of fibrinogen into fibrin, when blood is shed, de. de. 
‘These changes are also included under the term fermentation.’ 

Fermentations may therefore be divided into two classes: first, 
those brought sbout by the organised ferments (torule, bacteria, &e.), 
and, secondly, those brought about by the unorganised ferments 
(pepsin, diastase, &e.), Each of these classes may be again subdivided, 
according to the nature of the chemical change produced. 

Previous to 1838, the action of yeast was regarded as a catalytic 
‘one (Berzelius); that is to say, the influence of its mere presence 
causes & separation of the constituents of sugar, just as platinum 
black causes peroxide of hydrogen to give up an atom of its oxygen. 
A modification of this theory was proposed by Liebig in 1848 ; he gave 
the organisms ussocinted with the change a secondary position, hold- 
ing that they produced substances of a chemical nature which were the 
trae ferments; and he considered that the molecular vibrations of 
these ferments caused a rearrangement of the atoms of the sabstance 


4 Sheridan Lea suggests tho term eymolyaix for this vaziety of fermentation (Jowrn. 
ef Physiol. 1800, p. 254), Sir W. Robarte suggested the term enzymosis (Proc. Roy. Soe. 
‘Yo. xxxi p. 145) many years ago for the name processes. 
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occurs only when the organisms are growing, and stops when the 
are removed or killed. 
‘This vitalistic theory of fermentation becomes especially ii 


important — 
to the physiologist and pathologist when applied to disease, The 


‘gorm theory,'as it is termed, explains the infectious or zymotic diseases 
by considering that the change in the system is of the nature of 
fermentation, and like the other fermentations we have mentioned, 
produced by particular forms of bacterium ; the transference of the 
bacteria or their spores from one person to another constituting 
infection. This theory has not been fully verified for every infectious 


disease by the discovery of a specific microbe ; many able investigators, 


however, consider it likely that the pathogenic germs of these maladies 
will be discovered, as in the cases of splenic fever, and relapsing fever, 
and a few others in which the specific bacterium has been already 
identified. 


‘There is, however, another class of chemical transformations, which | 


differ very considerably from all to which we have hitherto alluded. 
‘They, however, resemble these fermentations in the fact that they occur 


independently of any apparent change in the agents that produce 





them. The agents that produce them are not living organisms, but — 


chemical substances, the result of the activity of living cells. As 
instances of this class of chemical transformations, the following may 
be taken: the change of starch into sugar by the ptyalin of the saliva, 
the change of proteids into peptones by the pepsin of the gastric juice, 
the change of fibrinogen into fibrin, when blood is shed, ke, de, 
‘These changes are also included under the term fermentation,’ 

Fermentations may therefore be divided into two classes : first, 
those brought about by the organised ferments (forule, bacteria, de), 
and, secondly, those brought about by the unorganised ferments 
(pepsin, diastase, &c.). Each of these classes may be again subdivided, 
according to the nature of the chemical change produced. 

Previous to 1838, the action of yeast was regarded as a catalytic 
one (Berzelius); that is to say, the influence of its more presence 
causes 4 separation of the constituents of sugar, just as platinum 
black causes peroxide of hydrogen to give up an atom of its oxygen. 
A modification of this theory was proposed by Liebig in 1848 ; he gave 
the organisms associated with the change a secondary position, hold~ 
ing that they produced substances of a chemical nature which were the 
true forments; and be considered that the molecular vibrations of 
these ferments caused a rearrangement of the atoms of the substance 

1 Sheridan Loa suggests the term eymolysix for thin variety of fermentation (Journ, 


Of Physiol. 1890, p. 254). Slr W. Roberts sugyested the tarm enzymonis (Proc. Hoy. Soe. 
‘vol xxxi. p. 145) many yours ago for the mame processes. 
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is probably more correct, is that the organisms produce, very much as 
-Liebig supposed, a soluble ferment, which acts on the fermentable 
matter, This view, which has received the powerful support of Hoppe- 
Seyler, is at once confronted with the difficulties already mentioned, 
the chief of which is the inability of various observers to separate 
such soluble ferments from the organisms. Jt is, however, always 
unsafe, when results of experiments on any subject are negative, to 
assume that our knowledge upon that subject is complete and final. 
‘The inability of observers in the past to perform an experiment may 
be from lack of means or of knowledge ; and it is possible that the 
presence of soluble ferments in places where their existence has been 
hitherto denied, may be demonstrated in the future. 

‘The separation of the inverting ferment from yeast, and of the unea- 
ferment from the torula uree, is a step which may be the first in a series 
of discoveries. Sheridan Lea in his experiments, indeed, pointed out a 
possible explanation of the negative results of previous investigators. 
Both the urea-ferment and the inverting ferment were obtained by 
precipitation of the cells with alcohol, and subsequent extraction of the 
alcoholic precipitate with water, but neither is present in the Haid sur- 
rounding the cells during the progress of the change which they produce. 
This is probably due to the fact that ferments, being non-diffasible, 
are unable to pass from the protoplasm of the toruls, through its 
surrounding investment of cellulose. 

Tt has already been surmised that ferments are of the nature of 
the living proteids (p. 146); like other proteids they are indiffusible ; 
this readily accounts for the fact they are not discoverable outside the 
ecll wall; and like all living things their properties during life are 
different from those after death ; this readily accounts for the fact that, 
with a few exceptions, they are not discoverable inside the cell wall, 
after the cell has been killed by alcohol. The few exceptions are probably 
those which are more robust, and withstand the action of alcohol better, 

If this hypothesis be admitted, and until it is replaced: by a better 
it must be admitted, the difference between organised and unorganised 
ferment action is this: an organised ferment is one which does not 
leave the living cell during the progress of the fermentation ; an an- 
orgunised ferment is one which is shed out from the cells, and then 
exerts its activity. Probably the chemical nature of the ferment is in 
the two cases the same, or nearly the same. 

Tf it be admitted that the ferments are proteid in nature, or some- 
thing closely akin to proteid, and it be also remembered how imper- 
foct our knowledge of the proteids is, it may seem a task from which 
‘one would shrink, to attempt to explain any further how the ferments 
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comes off much more easily, but the manganese dioxide is unaltered at 
oS a ge te igen eke a" to what occurs 
in the case of a ferment, 

Tasted ihligca teniajie>.du:ths amaptoceateeet ontitary, eee 
Titriol, sulphurous acid, atmospheric air, and steam are brought into 
contact with one another in a large leaden chamber, These three 
substances alone would suffice to form sulphuric acid (80,+0+H,O 
=H,S0,), but the action would be a slow one. The combination is 
hastened by the presence of « small quantity of nitrous acid (N,O,). 
‘The sulphurous acid (H,SO,) combines with the nitrous acid, and is 
then decomposed into sulphuric acid (H,SO,) and nitric oxide (N,O,). 

H,80,; + N,0, = H,8O, + N,0; 
Culpharous weld] — (nitrous acid] — (sulphuric ach} (niurie oxtbte) 

The nitric oxide left combines instantly with oxygen, to form 
nitrous acid again, which in turn undergoes the same decomposition 
with sulphurous acid. Thus the nitric oxide serves as an oxygen 
carrier, and as it is continually being recovered, and itself taking no 
part in the composition of the final product (sulphuric acid), a small 
quantity will last an indefinite time, and always be ready to perform 
the same office, Here agnin it plays the part of a ferment. 

‘Take another example, this time from organic chemistry ; namely 
the action of sulphuric acid in the manufacture of ether from aleohol. 
If one distils together alcohol and sulphuric acid, ether and water will 
be found in the distillate, and the sulphuric acid apparently unchanged 
in the retort; and the same quantity of sulphuric acid can be used 
over and over again, to break ap an indefinite quantity of alcohol. 
Now if tho action of the sulphuric acid had not been understood, ns it 
was not until comparatively recent times, the reaction would have been 
still Jooked upon as puzzling, and described as catalytic. We do, 
however, understand how sulphuric acid acts. 

The first reaction that takes place may be denoted in this way. 
We start with alcohol and sulphuric acid :— 

HHSO, sulphuric acid, 
OH(C,H,) alechol, 
When these come together, the vertical line represents the pro~ 
ducts of their interaction ; they split into 
H | HSO, 
OH (C,H) 
Witer thy} igriroges sulphate 
water, which comes over in the distillate, and ethyl-hydrogen sulphate, 
‘The ethyl-hydrogen sulphate reacts with more alcohol, and, the 


a ™/ 
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‘Thus in the lactic and alcoholic fermentation, and in putrefaction, 
there is a liberation of hydrogen, and this nascent hydrogen combines 
with an atom of oxygen from ordinary oxygen (O,) to form water 
(H,+0,=H,O+0). The nascent oxygen (O) thus liberated, oxidises 
any oxidisable substance present, or it may unite with hydrogen to 
form water, or oxygen to form ozone (O,). But if on the other hand 
the nascent hydrogen meets with no free oxygen, it takes the oxygen 
from organic substances, that is, reduces them. Thus in putrefying 
liquids, oxidation may be proceeding in the upper portions where there 
is free nocess of atmospheric oxygen, and reduction in the lower layers 
where free oxygen is absent, 

Tt is probable that some of the changes occurring during the 
nutrition of living cells are similar to these fermentations. The 
nascent hydrogen liberates nascent oxygen, which then oxidises oxidis- 
able material. The following hypothetical formula would represent 
what occurs ; supposing » is oxidisable material, then 

HH +0,4+n=H,0+0n. 


THE UNORGANISED PERMENTS 


These substances can be extracted from the cells in which they 
occur by water, dilute acids or alkalis, salt solution, or glycerine. 
They are precipitated from such extracts, or from the secretions in 
which they occur, by alcohol, or by saturation with ammonium sulphate,! 
or by lead acetate. The precipitate so obtained is proteid in nature? 
or closely allied to proteid. On drying this precipitate a colourless. 
tasteless, amorphous powder is obtained. 

These ferments may be arranged, according to their action, into the 
following classes :— 

1. Proteolytic : those which change proteids into peptones. This is 
probably a process of hydration, as it can be also brought about by 
other hydrating agencies, such as boiling with dilute mineral acids, or 
superheated steam. 

Examples : pepsin, trypsin, papain. 

2, Amylolytic: those which change amyloses (starch, glycogen) 
into sugars. This also is a hydration. 

Examples: ptyalin, amylopsin, diastase. 

3. Stentolytic: those which split fats into fatty acids and glycerine. 

Examples : ferments in pancreatic juice and bile, 

4 Krawkolf, J. Rwas. Chem, Soc. 1887, p. 897. 


* Blementary analyses have been made of various fermenta by Schmidt, Schlossberger, 
Hiltner, and others. Much the same results have been thereby obtained ws in the case 
‘of pooteids. 
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This method has in the hands of other investigators (Koch, Klein, 
been much elaborated, and bacteriology is now a science in i 






















microscope can be divided into different: kinds, noconding’ $0’ thn 
manner of growth and their physiological effects. ‘The value of the 
“method bas been of most value in connection with the microbes of 
disease. “4 
‘The general principles of the method may be briefly summarised bere, b 
full particulars the reader is referred to any of the excellent works on th 
‘now published, 
‘The medium in which bacteria are to be grown may ba 


temperature of 100°C. for about an hour on three successive days.! ne 
liquids are simpler; thus Pastour's fluid is 1 part ammonium 
cane sugar, and the ash of 1 part of yeast in 100 parts of water, 
OS grm. potassium phosphate, 0'5 grm. magnesium sulphate, O05 
phosphate, and 1 grm. ammoniam tartrate in 100 grins. of water, 

Among solid media, which are more suitable for pure cultivations, the £ 
ing may be mentioned :— 

@, The cut surface of a boiled potato or boiled white of egg sterilised 
washed with a solution of corrosive sublimate, 

‘b. Meat juice, to a litre of which is added 10 germs. of commercial 


heated, made slightly alkaline with sodium carbonate, in 
sterilised. by discontinuous heating, and the tabes plugged with 


¢. Tnstead of gelatin in the above, agar-agar (prepared from 


d. Blood serum made firm by heating to 68°C. for an hour. ‘This § 
by raising it to 56° C, for two hours daily for eight days. 7 

Allinstraments used in experimentation must be ster! 
ments by the Bansen flame, glass instruments by, plactug aisenaTa 
at 160° C, 

‘To inoculate a new tube or flask with a definite organism that has | 
ing previously in a culture tubo: push the point of a freshly drawn out 4 
pipette through the cotton wool plug until it reaches the culture fluid or 
small drop ascends the tube of the pipette, Withdraw the pipette a 


1 This ‘discontinuous sterilixation,’ ax it is called, wax introduced by 
(Floating Matter in the Air, 1831), Brg ivan th rps aa 
heating. ‘Tho reason ix that the spores resist heat mach more power! 
fully grown bacteria; ibe spores nek Lies by dhe coh Deals eee 
second boiling when they are killed, while some which may not have | 
have done so by the time of the third boiling. 


ae ii 
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larger than most other globular forms, multiply usually by buddin 
‘The forms assumed by bacterial growths are :— 

(a) Globular; termed mierococeus. 

(6) Rod-like ; or bacillus. 

(c) Filamentous; either single filaments, or composed of bacte 
remaining nttached after division (Leptothrix). 

(d) Spiral; termed vibrio, or if the sinnosity is very 
spirillum. 

(e) Plates or tablets formed by the irregular branching of | 
branches remaining attached (sareina). 


Asarule a microbe retains the same form generation after generatict 
but occasionally, as in cladothrix, a microeoceus form may become red 
like or filamentous at another stage (pleomorphism). Dense 5 
sometimes occur in which the bacteria become fixed in a m 
their own swollen, contiguous cell walls, and pass into a resting # 
as a so-called sooglea, 

Another classification of these growths may be made accord 
whether the organisms are aérobic, or anaérobic, In 1864 Paste 
observed that the butyric acid ferment can live and maltiply in 
saline fluid containing sugar and calcium lactate in the absen ‘ 
oxygen (anaérobic); on the other hand, other growths like the! 
aceti require oxygen (airobic), In a mixture of bacteria Ei 
showed that some species gather close to a bubble of air, 
near it when it has lost some of its oxygen, and others keep away 
it altogether. Most fermentative organisms are capable howover 
assuming two conditions : one aérobic, the other anaérobie ; it is: 
cases in the latter condition that an organism carries on the work | 
mentation, as it has to remove oxygen from the fermentable m 

A third classitication may be made on the basis of the effects eat 
by the growths of the micro-organisms ;— 

(a) Those associated with known chemical processes ; st 
yeast plant, the bacterium lactis, the bacterium aceti, the 
urem, &e, 

(b) Those associated with the putrefaction of organic matt 
are various forms of micrococcus, bacterium termo, bacteri 
(the Hay bacillus), &e, 

(e) Those chiefly remarkable for producing colour ; such | 
terium rubescens, the peach-coloured bacterium, B. syne 
milk, B. eruginesum of green pus, the mierococous 
bread, and many others. o 

(d) Those which produce disease when grown within the liv 
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the preservation of food-stuffs, sugar, salt, spirit, vinegar, borax, éc., amy 
froquently used ; and cold chambers are now very generally employees 
A remarkable fact concerning the ferments is, that the substanc—a 
they produce in time put a stop to their activity ; thus the alcoh« 
produced, by yeast, the phenol, sre Se pea ae 
organisms, are themselves antiseptic, which ultimately kill =| 
organisms that produce them. 


THE CHEMICAL POISONS PRODUCED BY BACTERIA 
‘There has been no micro-organism that has received so much 

























which, if inoculated into animals, renders them immune to anthrax. H 
demonstrated that a small dose of an albumose produced by the ac 
bacilli is capable of protecting animals from the disease, Dr, 8, Martin® 


arisen from the fact that they have employed infusions like b which 
Santaba hardly any protetd, and 90 are vory different trom the bloed. ks hi 
growth of the microbe leads to the death of the animal. After filt 
bacilli the filtrate was found to contain leucine and tyrosine, an 
three proteids, proto- and deutero-albumose, and a trace of peptone. 
forms salts, which were prepared in a crystalline form. The alby 


produced by the alkaloid aro like those produced by the bacillus; after ¢ 
however, the organs of the animal are quite free from bacilli. 0 
searches we can conclude that the bacillus produces two 


the vaccine should be distinct substances. In certain cases, ft may Be 
Aosos of the former act as the latter. a 
‘The production of poisonous proteids by bacterial activity has also re 
attention in Germany, Thus Brieger and Frinkel * have investigated prinel 
‘Laffier’s bacillus of diphtheria, dnd have obtained a proteid whic! a Y 
into rabbits, produces diphtherltic symptoms. Thic andi dnnlles pope x 
from other bacterial growths they designate toralbuming. They, ho , 
to be albamoses rather than albumins. pepe SS 
possibility that these poisonous proteids may contain 
to them, or in a nascent condition within their molecules, 


¥ Proo. Roy. Soc. xiii, 312; Arch. f. Anat, u. Physiol, physiol. Abth. 
? Brit. Med. J. Oot, 12, 1849, Hankin has also found that other 
raise ers Gn pore Killing certain pathogenic 
oe Roy 8 oe. May 22, 1890, 4 Berlin, bin. Wochenschr ei 1808 
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‘The vegetable alkaloids are of similar structure; thus coniine ix 

ammonia in which two atoms of hydrogen are replaced by the mdicle ! 
O,Hy, and nicotine is ammonia in which all three atoms are replaced 
by the triatomic radicle C,H,. | 


H CH, 
sin {C4 =H 2N(CyH;)=C iol Ns 
{oontine) {alootine) 


In the alkaloids which contain oxygen the same process may be 
repeated in a more complicated manner. 

It is important to note that the vegetable alkaloids are ammonia, 
not ammonium bases—that is, they combine with HCl without elimin- 
ation of water as ammonia does ; thus :— 


NH, + Ho NH,HCOL = NH,Ci 
taounodlayThptroehero nota} * (ammonium obloride} 


OpHyyNOy + HCL = OH NOp HCl — OipHyyNO4C1 


Some of the chief reactions of the alkaloids are :— 

1, Alkaline reaction, 

2. Insoluble in water. Soluble in acids with the formation of 
compounds, precipitated from such compounds by ammonia, 

3. Some alkaloids are dextro-, some levo-rotatory. 

4. Sodium phosphomolybdate added to solutions acidified with 
nitric acid gives a yellowish precipitate, 

5, Potassio-mercuric iodide (Mayer's solution) ' produces floceulent 
yellowish white precipitates insoluble in acids and dilute alkalis, slightly 
soluble in excess of the reagent, easily soluble in alcohol, and generally 
also in ether, 

6. Potassio-bismuthous, potassio-cadmic, potassio-platinic, and 
potassio-auric iodides also precipitate alkaloids. 

7. Picric acid precipitates many alkaloids. 

8. Tannin precipitates most alkaloids. 

9. Platinic chloride, auric chloride, and many other reagents are 
also employed to precipitate alkaloids; individual members of the 
group differing in precipitability form the remainder, 

10. Certain colour reactions are employed to identify many alka- 
loids, e.g. sulphuric acid gives a blood-red colour with thebaine, 
crimson with veratrine ; nitric acid usually produces a yellow solution, 
but morphine and brucine give red; chlorine water and ammonia give 


1185 grammes of merentic chloride, and 498 grammos potassium iodide per litre. 
Mayer, Liedig's Annalen, exxxiil, 296, 
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consumed these articles of diet. A ptomaine named tyrotoxicon by 
Dr. Vaughan! has been separated from bad cheese, 

Poisoning by mussels and other forms of shell fish is also due to the 
presence in them of an animal alkdloid (mytilotoxine). 

Of equal importance and interest to the physician are the poisons 
produced by bacteria in different forms of disease. Schinidt,? Panum,* 
and others separated from septic fluids a substance which was called 
sepsin ; it was found to correspond closely in its reactions to the alka- 
loids ; this was, however, before the general importance of the ptomaines 
was fully recognised. On injecting this material into the circulation, 
symptoms resembling those of septicemia were produced. The con- 
clusion was drawn, and probably correctly drawn, that this material 
was the substance produced by bacterin in ordinary septic processes, 
and that it is the real toxic agent in cases of blood-poisoning. Since 
then other ptomaines have been separated by more exact methods from 
pure cultivations of certain pathogenic bacteria, notably two named 

ine and cadaverine by Brieger ; these are especially abundant 
in cultivations of Koch's comma or cholera bacillus ; substances similar 
to these are probably the true chemical poisons in cholera.t There 
is still a large field open to investigators in this direction, but enough 
has been given in the way of instances to indicate the overwhelming 
importance of the subject to the pathologist. These ptomaines, then, 
are produced from animal substances by the influence of bacteria. The 
next questions which arise are, from what are the ptomaines formed, 
and how do the bacteria produce them? One of the most important of 
the ptomaines is neurine ; this is a decomposition product of lecithin 
and doubtless arises from the lecithin contained in nerve, muscle, 
blood, and other parts of the body after death ; also in eggs, milk, 
and cheese, and other forms of food. It is, however, fully proved 
that ordinary proteids will also, under the influence of certain bacterial 
growths, produce neurine, putrescine, cadaverine, as well as the simpler 
bases, such as methylamine, ethylamine, and ammonia. The question, 
how the bacteria do it? is 4 more difficult matter to answer. The 
decomposition of lecithin produced by these ongunised ferments is no 
doubt similar to that brought about by ordinary chemical reagents ; 
but we cannot describe the decomposition of proteids until we know 
their composition. The different views now held as to the constitution 

4 Zeit. physiol, Chem. x. 140. + Inaug. Dies. Dorpat, 1809, 

* Virchow’s Archiv, 1888, vol. xxvii. p. 240; vole xxvill xxix, and others. 

* The probability that cholers is camsed by an alkaloid was first pointed out by Lauder 
Branton (Brit. Ass, Reports, 1873); he deduced it from the similarity of the «ymplome at 


cholars and alkaleéd (musearine) poisoning. Cadaverine and putroseing aro not surkedly 
tonic, 
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for the basic products produced in the tissues | 
metabolic processes, while he reserves the word _ e for 








necessary, since it has been shown that probably the di 
e783 genome are derived by oxidation 


"Bec thet te pln nich i mp 
has been indicated by a few examples. The subject is yet | 
infancy, and many more facts must be collected before positive | 
conclusions can be drawn, Without at all wishing to minimise 
importance, it is, however, necessary to insist on one point, and 
Bees tent: rile yy batch are eh ae 
that all mysterious symptoms in obscure complaints cannot b 
attributed to leucomaines. 
‘There is always a tendency after any great discovery is 
attribute to it wider importance than it really possesses. 
i of this in pathology : the doctrine of the sol 
totally excluded humoralism, was an outgrowth of Sely 
generalisation we call the cell theory. Similarly there can b 
doubt that under the influence of the germ theory many p 
conclusions were jumped at, concerning the association of o 
disease. Ptomaines are now displacing somewhat the m 
was formerly regarded as all-important, but this must not 
far, The discovery of ptomaines is complemental, not a 
1 Putreseine (CHjaNa) is chemically tetramethylonediaming (Ber, dep 
‘Gesell. xxi. 2988). 
Ei eeticttes CaTy patent lecedlaninn iach (Ladenburg, Zoid. 
named nouridine and saprine have been separated by B 























apparantly very different from cholera. pr 
to the inorganic potassiam salts in it (Stadthagun, Zeit, Klin. Med. xv. 
‘not to any alkaloid. Ptomaines have never (until thom casos of 
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cl tel amas npr A dine nae | 


may leave an oily residue, which should be reserved for farther ex 
old 1 (aD Cates washing wit oer), 20d the ssslatod. ue 
‘A) (after water 
anid (A) ee Ds ea 
Sey ee eR pain finan eheee Rae dele 





‘three or four times with ether alone. plipeiice beens cir | 


with water, then acidulated water, and lastly water again. The alkaloids are 
‘thus first liberated by the alkali, then dissolved in the then. 
again converted into sulphates, which, being insoluble in ether and chloroform, 
pass into the acid solutions, impurities being left behind in the ether. The acid 
liquid and the final wash water are mixed, washed with ether, once more made 
alkaline, and aguin extracted with chloroform-ether and ether. These extracts are 
washed with water, made barely alkaline with sodium carbonate, filtered, and the 
filtrates evaporated to dryness below 36°C. This may be then dried at 100% 
cooled and weighed, the weight being that of the total alkuloids, If a volatile 
alkaloid is present, the residue will be olly; whether these are present should be 
discovered by first evaporating a few oc. only, If they do occur, the extracts 
‘must bo acidified with hydrochloric acid, and then on ¢vaporation the non-volatile: 
hydrochlorides are left. ‘The free alkaloids obtained in the first instance are con~ 
‘Yerted into hydrochlorides, dissolved in water, and then separated and tested for 
ncoonling to their various properties. They aro best separated by the nse of 
different solvents (petroleum ether, benzene, chloroform, alcohol, &e.), in which 
some are and some not solable, 

Brieger's method.—The mass of putrefying material is boiled with water, 
filtered, and the filtrate precipitated with subacetate of lead. This precipitate ie 
Bieta Ses Nemeth Moti af raed Wiscogs te ee e 

Jead sulphide by filtration. hip neers scar iotcboc be 
and this is extracted with amyl alcohol. The extract is 
‘water, and then concentrated, then made strongly acid with per ini 
repeatedly shaken with ether, which romoves oxy-acids. Freed from ether it ie 

to a quarter of its bulk, and thus volatile fatty acids are driven off. 


first, which are Gltered off and washed with absolate alcohol. Subsequently long 
‘needles form, of organic nature, which are solable in water and dilute aleohol, but 
insoluble tn absolute aleohol, ether, benzene, and chloroform, ‘These substances 
consist of the ptomaines, and they are then separated by fractional precipitation 
with the chlorides of platinum or gold. Boumann and y, Udranmky have 
separated cadaverine and putrescine by the different solubilities In ether and 
alcohol of their benzoy]-compounda.! 

In some of his researches Brieger has shortened the procedure by precipitating 
the putrid fluids after boiling and filtering direotly with mercuric chloride, i.e. 
the first precipitation, that with lead acetate, is omitted, As merouric abloride 
floes not precipitate all alkaloids, both precipitate and filtrate mast be examined, 





1 Baumann and y. Udranseky, Zeif. physiol. Chem. xiii 602, 
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GENERAL PROPERTIES OF THE ANIMAL ALKALOIDS 


The animal like the vegetable alkaloids may be divided into two groups : 
thoe which do, and those which do not contain oxygen. Those which do not 
ccatain oxygen are the ptomaines proper, and, like the non-oxygenated vegetable 
allabids, are liquid, volatile, and odorous. The oxygenated alkaloids are crystal- 
line and fixed. 

Tey all have an alkaline reaction. 

Trey are oxidisable and unstable, especially under the influence of an excess 
ot mineral acid, which colours them red, and then converts them into a resinous 
mass. 

Their chloroplatinates and chloroaurates vary much in solubility. 

Picric acid precipitates most of them, the colour of the precipitate usually 
being pale yellow. 

Tannin, mercuric chloride, &c., also produce insoluble precipitates as a rule. 

Phosphomoly bic acid precipitates all the alkaloids. 

The ptomainex are energetic reducing agents, decomposing chromic acidl, 
indic acid, and silver nitrate. With ferricyanide of potassium and ferric chloride 
thy give Prussian blue. This was at one time considered to be characteristic of 
the animal alkaloids, but it has been found that many vegetable alkaloids give 
tte ame test, and a few of the animal aikaloids (especially those containing 
caygen—Brieger) do not give it. There is, so far us is at present known, no class 
action by which the alkaloids of animal can be separated from those of 
tegetable origin. 





ENUMERATION OF THE ANIMAL ALKALOIDS 


The animal alkaloids which up to the present have been obtained in a pure 
dition may be arranged as follows :— 


1, Non-oxygenous ptomaines— 


Hydro-collidine Saprine 

Collidine Cadaverine 
Parvoline Putrescine 
Neuridine Mydaleine 


2 Oxygenous ptomaines— 


Nearine Mytilotosine 
Choline Tetanine 
Muscarine Typhotoxine 
Gadinine 


3. Leucomaines of the uric acid group — 


Carmine Sarcine or Hypoxanthine 
Adenine Xanthine 
Guanine Pseudlo-xanthine 


4. Leucomainex of the creatinine gronp— 


Creatinine 
Xantho-creatinine 
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faction. They may thus be in many cases leucomaines ax well. It is very 
doubtful if they exist in a free state in healthy tissues; probably they are formed 
hy the action of the reagents used on analysis, e.g. the neurine is derived from 
ievithin (ae Chap. XXIV). 

a. Newrine, C,H,,NO, is trimethyl-vinyl ammonium hydroxide. This is a 
syrupy base and strongly alkaline; its cbloroplatinate crystallises readily. It 
isa constant product of cadaveric putrefaction, and a more powerful toxic agent 
than the alkaloid choline found with it. 

b. Choline, C,H,,NO, (=nenrine + water), is trimethyloxyethylene-ammonium 
Ldroxide, This substance is very similar in its properties to neurine. A full 
account of it will be found in the chapter on the nervous tissues. Choline is 
generally also called neurine, but Brieger restricts the Intter word to the closely 
related alkaloid just described. 

ce. Muscorine, CJH,NO, was discovered by Schiniedeberg and Koppe! in the 
peisunous mushroom -agaricus muscarius. Schmiedeberg and Harnack* also 
vlaained it from choline by the oxidising action of nitric acid—2 atoms of the 
uydrogen of the choline being removed by the nitric acid from the choline; 
muscarine is thus similar in constitution to the aldehydes. Brieger has found the 
saine substance in putrid fish. 

These three substances are all powerful poisons; neurine and choline acting 
like carare on the end-plates; muscarine on the muscular tissue itself, especially 
vf the heart. All three are antagonistic to atropine so far as relates to its action 
on the heart and glandolar system. 

4. Gadinine, C,H,,NO,, was obtained by Brieger, mixed with muscarine from 
putrefring cod-fish. It is, however, less toxic than muscarine. 

@ Mytilotozine, C,H,,NO,, is the active agent in mussel-puisoning (Brieger). 

£, Typhotozine, C,H,,NO, is an alkaloid obtained from pure cultures of the 
typhoid bacillus, and is regarded by Brieger as the chemical poison in typhoid 
fever. 

g. Tetanine, C,,H_.N,O, is the supposed toxine in cases of tetanus (Brieger). 

3. Leucomaines of the uric acid group.—The substances enumerated under 
this heading have been already described with the uric acid group (sec p. 90), 
with the exception of the last named, pseudoxanthine, to which Gautier ascribes 
the formula C,H,N,O. 

4. Leucomaines of the Creatinine group.—Of these creatinine has been 
described in connection with creatine, one of the amido-acids (see p. #4). Xantho- 
steatinine, C,H,,N,O, crusocreatinine, C,H,N,O, amphicreatinine, C,H,,N,O,, are 
bases which have been xeparated from muscle, together with psendoxanthine 
by Gautier. They are all poisonous. 











# Arch. exp. Path. u. Pharmak, vi. 1. 
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CHAPTER XIV 
THE CELL 


Tue cell is the structural unit of living things. It consists of a mass 
of material which has a jelly-like consistency, and possesses the powers 
of movement, assimilation and the like, which are known as vital. 
This living substance, or organic basis of life, is known as protoplawn, 
Within the protoplasm are minute granules of various kinds, and an 
important structure of more solid consistency, known as the nucleus, 
Outside the protoplasm there is in some cases, especially in vegetable 
cells, an investing membrane, known as the cel/-wal/. The cell-wall, 
however, is not essential, and in animal cells is generally absent. 

The lowest animals with which we are acquainted consist of single 
cells, and are called unicellular. 

The lowest plants are also unicellular. 

The highest animals and plants are also originally unicellular ; the 
human ovum is, for instance, a typical cell. The development ab ove 
is termed the life-history of an organism (ontogeny), and this develop- 
ment is, according to the Darwinian hypothesis, in its essential features 
similar to the historical development (phylogeny) of the higher or- 
ganisms from simpler and ultimately from unicellular forms, which has 
occupied untold ages in the past, 

Physiology may be described as the science which treats of the 
functions of protoplasm and its modifications, Some of these functions 
can be accounted for by chemical laws ; this constitutes the depart- 
ment of the science known as Chemical Physiology, or Physiological 
Chemistry ; other functions are physical manifestations ; the greater 
our advance of knowledge of protoplasm becomes, the more does it 
become evident that all vital phenomena may be classed under one or 
other of these two heads ; the unexplained residue we must classify as 
vital, using that word simply for want of a better, and not as implying 
any belief in the existence of a special or vital force. 

If we take a single animal cell, either a unicellular organism like an 
Amcrba, or a white blood corpuscle, which is an instance of a cell re- 
taining its primitive structure in the adult form of higher animals, we 
tind that it has the following properties : 
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1. Power of movement.—The shape of the cell is contin 
‘ing, processes being extended and withdrawn. Movement may 


SeiPeser of aeeimilation;. thik Se) Of wbecrbing eatia t 
converting it by chemical changes into a part of itself, i.e. into po 
plasm or living matter, 


iecbetuiiien } this 40 n0en to) the forssution of voouolees artAi 
extent in the higher animals, where certain cells, in organs ¢ 
secreting glands, aro set apart specially, for the formation o 


5 Ponth of reproduction ot the giving off of liviog: hin 
to themselves ; in the simplest condition this is brought bout 
Padding —the detastiment of minute partdlak of protoplasin whi 
into adult cells ; or by fisvion, due to the splitting of the eel, 
te usletth; tat two, each daupfiter‘céll grbwing into an nd 
in its turn undergoes a similar division. . 

Tn the development of a higher animal from a single © 
there is, after fertilisation, first n division of that cell into: 
of which agnin divides, so that four, and then by a ai 
eight, sixteen, and so on, cells are formed. The cells so fo 
become detached from one another, but remain adherent, #6 
mass of simple cells, each like the original, is formed. Th 
arranged in the form of a little sphere, at first solid, and 
ing liquid shed out from the cells ; a little later it will 
the layers of cells are three deep ; the outermost layer 
epiblast or ectoderm, the innermost the Aypoblast or 
entoderm, while the middle one is the mesoblast or mesoderm. — 
three layers all the tissues and organs of the adult are | 
epidermis and nervous system from the epiblast ; the linin 
of the alimentary and respiratory cavities, with the cells 0 
tive glands, from the hypoblast, and the rest of the } 
mesoblast, 

In the further development of the adult from ia 
embryonic layers, there is not merely subdivision of th 
cells in certain parts become moditied or altered from 
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animals. This substance he termed sarcode. The movement of white- 
‘ood corpuscles was first observed by Wharton Jones in 1846.' V. 
Wohl? gave the name protoplasm to the motile substance in plant cells, 
and Cohn? first advanced the suggestion that this and sarcode were: 
identical. The actual identity of animal and vegetable protoplasm was 
nore clearly proved by Max Schultze,‘ de Bary,’ Haeckel,® Kiihne? 
und others ; and 8 more complete knowledge concerning its movement 
has been afforded by Nageli, Briicke, and Heidenhain. The wandering 
of ameboid cells in animal tissues was brought into general notice. 
by v. Recklinghausen,® and the importance of this in physiological and 
pathological process was shown by Stricker and Cohnheim. 

The movements of naked protoplasm may be distinguished into. 
three types—ameboid, streaming, and gliding. Ameboid movement 
shows itself in the protrusion and retraction of conical and at first 
generally hyaline processes, into which the granules from the interior 
stream in and out. The processes may ramify and even form networks. 
If the processes fasten themselves to fixed bovlies, they can by shorten- 
ing draw the rest of the protoplasm after them, and so produce a 
movement of translation. These movements may be readily seen in 
white blood corpuscles, in many unicellular animals, in numerous ova 
(hydra, sponges, &c.), in connective tissue cells, and in the plasmo- 
dium of myxomycetes, where the movements are visible to the naked 
eye. Streaming movement occurs in many protozoa (Heliozoa, Radio- 
laria, &c.). Out of the protoplasmic body long thin threads of proto- 
plum spring, and upon their surface a great number of fine granules 
in active streaming movement are seen, the main substance of the 
threads themselves often showing no movement, or only slow changes of 
form, Gliding movement : in this case, extremely thin layers of proto- 
plasm devoid of granules move along outside a firm cell wall, and by 
Beans of this movement the whole boty progresses over a firm sub- 
tance in a gliding or creeping manner. The rapidity of the move- 
ment seldom exceeds 0-04 mm. ina second, This form of movement 
i well seen in the diatoms. 

The movements of cells bounded by firm integuments.- This caso 
is chiefly realised in vegetable cells, and botanists distinguish two 
Yatieties : (1) Circulation, in which contractile protoplasmic threads 


' Proc. Roy. Soc. 1846. 2 Bot. Zeitung, p. 7, 1846. 
+ Nora Acta Leop. Caes. xxii. 2. p, 605, 1450. 

{ Arch. f. Anat. u. Physiol. 1888, p. 880; 1861, p. 1. 

’ Zeit. f. wias x. pe BB. 

* Die Radivlarien, Berlin, 1862. it, wise, Zool. xv. p. 342, Ke. 
Caters. a. dus Protoplasma, Leipzig, 1864, Arch. f. Anat. u. Physiol. ANS, p. 564 
Arch. f. path, Anat. xxviii, p. 157, 1863, 
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material is arranged into definite patterns (skeins, stars, rosettes, c.); 
these separate into two groups which form the foundation of the 
daughter nuclei. The name given to this series of changes is haryokinesis 
arkaryomitosis. The division of the cell protoplasm follows that of the 
mcleus, 

Until comparatively recently, the chemical structure of the nucleus 
ws unknown ; it was spoken of vaguely as being composed of ‘germinal 
matter’; but now, thanks to the labours of Miescher, Zacharias, 
Kosel, and others, we know of certain definite chemical substances 
inthe nucleus, such as nuclein, plastin, and adenin. Other substances 
lave also been described, but as their existence rests chiefly on micro- 
chemical reactions, one must be cautious at present in regarding them 
as distinct chemical units. 


The Resting Nucleus 


The resting nucleus consists (see fig. 45) of :— 
(1) An outer investing membrane ; the nuclear membrane. 
(2) A network of fibrils throughout its substance ; the nuclear 





(3) Nucleoli. 
(4) The more liquid material in the meshes of the network ; the 
nuclear sap or nuclear matrix. 





Pe Meena “a Nuelcoiua 8, Nuclear mattiey afer Wabteyer) 

These different parts must be taken one by one :— 

The nuclear network.—This consists of fibres thick in parts, thin in 
oher parts, arranged according to most observers irregularly. Balbiani 
decribes this network in the chironomus larva as being composed of a 

2 


o2 
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The chromatic substance, or chromatin, includes the network and 
the nucleoli ; and is, as E. Zacharias! has shown, identical with 
nuclein, 

The achromatic substance is the interfibrillar material ; during 
karyokinesiz, part of this becomes arranged into a spindle-shaped 
‘collection of fibres. 

Pfitzner? uses these terms more fully as follows :— 

Chromatin = substance of the nuclear network. 
Prochromatin (later, pseudo-chromatin) = nucleoli. 
Achromatin = nuclear matrix. 

Parachromatin = spindle figure, 


Schwartz? uses the following terms :— 


Chromatin = the nuclear network. 

Linin = the spindle figure. 

Paralinin = Flemming’s achromatin (probably a globulin). 
Pyrenin = nucleoli. 

Amphipyrenin = nuclear membrane. 


These names are given, not from the chemical properties, but chiefly 
from the microscopic appearances of the structures in question. 

A very important step in our knowledge of the chromatic fibres 
was the discovery of Balbiani and Pfitzner, that they are made up of a 
number of granules or discs (their form is still uncertain) regularly 
arranged in single or multiple rows. Carnoy ‘ believes that the fila- 
ments though chiefly composed of nuclein have an outer shell of plastin, 
an observation confirmed by van Bambeke.* 

The nucleoli present many difficulties ; the chief doubtful point con- 
cerning them is their relationship to the network. Flemming and 
Pitzner regard them as different from the network, and not connected 
to it; others (Klein®) consider them as merely thickened portions of 
the network, and composed of the same material. No doubt such 
nucleoli (net-knots in figs. 45 and 46) do occur. But in addition there 
appear to be true nucleoli in Flemming’s sense —rounded bodies free in 
the meshes of the network, floating in the nuclear matrix, and behaving 
differently to reagents. 

Zacharias states that they consist of a shell of plastin, and their, 
interior of proteid matter ; they are apparently not composed of nuclein 


1 Rotan. Zeitung, 1881, 1482, 1885, 1887. 2 Morph. Jahrb, vii. 1881, p. 289 
1 Die morphol. u. chem, Zusammensetz. d. Protop. Breslau, 1887. 
* La Cellule, volw. i. and ii 5 Arch. de Biol, viii. 1887, ps 349. 


* Quart. J. Mic. Science, xviii, July 1878; xix. p. 125. 
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M different animals and from the yolk of hens’ eggs, Hoppe-Seyler,' 
Kossel,? and Loew? from yeast, Plész‘ from the liver, von Jaksch® and 
Geoghegan ® from the brain, Lubavin’ from cow's milk, and Worm- 
Miller* from yolk of egg. In fact, wherever nuclei are present, a 
sbstance is found which is rich in phosphorus, soluble in weak alkalis, 
imoluble in weak acids and in artificial gastric juice, and with the 
icky character of mucin toa certain extent. A similar body is also 
fond in the substances, like milk and yolk of egg, which form the food 
othe young animal. This substance is termed nuclein. 
Nuclein is a compound of carbon, hydrogen, nitrogen, sulphur, 
phosphorus, and oxygen. Elementary analyses of nuclein from dif- 
frent sources yield very discordant results. The following examples 


may be quoted :— 
: Prom Pus (Hoppe-Seyler) From Spermatozow of From Human Brain 
' Salmon (Mieacher) (¥, Jakech). 
Cc 49°58 36-11 506 
H 710 515 76 
N 15-02 13:09 13-18 
P 2-28 9-59 1:89 


The nuclein from spermatozoa differs from other nucleins in con- 
nes no sulphur. Miescher’s formula for it is CypHygNP3Oa2- 
From these results we must conclude, either that nuclein is not a 
emical unit, but a mixture of organic phosphorus compounds with pro- 
eds or proteid-like substances (Worm-Miiller), or more probably that- 
wereral varieties of nuclein exist (Hoppe-Seyler).? Miescher himself 
fond that some nucleins were more insoluble in alkalis than others. 
Kowel!° confirms Hoppe-Seyler’s view of the case, for he finds that 
heating yolk-nuclein and milk-nuclein with weak acids, no bases 
ich in nitrogen like guanine and hypoxanthine are formed, whereas 
sch bases are obtainable from cell-nuclei. Yolk-nuclein and egg- 
tmelein contain iron, cell-nuclei do not. A compound of nuclein with 
iron, called hepatin, is also found in the liver (Zaleski)."' 

An intermediate product between nuclein and hypoxanthine is called 
adenine (CSH;N5+3H,0) by Kossel,'? its discoverer. It crystallises 
inthe rhombic system, forms compounds with bases, acids, and salts. 
On heating it with sulphuric acid, NH is replaced by 0, and 





1 Med. Chem, Unters 
4 Pfliger's Archie, vol. xxii. (1880). 


iv. 500. 2 Zeit. physiol. Chem. iii. 
4 Ibid. vii. 











. d. deutach. chem. Gesellach. x. 2287. 1874. 

® Physiol. Chemie, p. 45. 1 Zeit, physiol. Chem. x. 248. 

MN Thid. x. 458. 

™ Ber. d. deutsch. chem. Gesell, xx. 8866, Zeit. physiol. Chem. xiii, 895, 432- 
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‘but in the ameba, looking at its apparently simple structure, it i 
difficult to realise the potentialities of and the variety of func 
inextricably blended in the little mass of living jelly. 





potentialities must have been present in the original ovum 
the rest of the body was formed. be 
While a cell is alive, it is always undergoing certain ¢ 
changes. During assimilation it is building up its own sub 
other material, which is called food. On the other hand itis u 


















more marked during its contraction than when it is not. 
ing. The chief destructive changes that occur are of the natu 
oxidation, Carbon unites with oxygen, and carbonic acid is 
off; hydrogen unites with oxygen to form water ; nitrogen is 
in the form of imperfectly oxidised substances, of which the 
urea (CON,H,) and uric acid (C,H,N,O,) ; but other sub 
xanthine, hypoxanthine, creatine, &e., are also formed, 
generally found in minute quantities in organs composed 
sulphur passes off in the form of sulphates, These combustion 
yopresent a transformation of energy ; the potential energy of d 
affinity is transformed, and exhibits itself partly as heat, 
dlectrical change, partly in the form of mechanical work. 
‘The series of changes beginning with assimilation and 
excretion is what is known as metaboliem ; the cell ix 
building up either its own substance, or materials like g 
ments, fat, &c., within its substance! ; then, on the other 
continually undergoing a downward disintegrative process. 4 
Gaskell’s nomenclature, constructive metabolism may be t 
olism, destructive metabolism katabolism. 
In the succeeding chapters we shall be dealing with 
functions of certain groups of cells ; we shall then have to spea 
fanctions of the cells of the blood, of the liver, and of other organs ; 


* Babstances farmed within cells, glycogen, starch, fat, contents of 
alten termed ceil-conteuts. 
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uscular fibres (which are in origin cells), and of secreting cells. In 
xe chapter on fermentation, the peculiar activity of those unicellular 
rgsnisms known as yeasts and bacteria has already been specially 
lealt with. 


FUNCTIONS OF THE NUCLEUS 


The different views that are held with regard to the functions of 
the nucleus are for the most part hypothetical. The nucleus probably 
‘aercises in some way a directing or controlling influence on the 
eytoplasm, this being especially brought out by the part it plays during 
ell division ; the nucleus divides first, the cytoplasm follows suit. The 
qytasters and radiating lines in the protoplasm around the poles of the 
gindle remind one forcibly of the effect produced by placing a magnet 
inthe midst of some iron filings, the radiating position of the metallic 
fngments around the poles of the magnet indicating the direction of 
thelines of force. Though it is dangerous to carry such comparisons 
‘to far, the similar lines in the cytoplasm perhaps indicate the lines of 
‘the attractive force exerted by the poles of the spindle or of the closely 
allied attraction spheres of v. Beneden. 

The nucleoli are believed to be collections of reserve material which 
taters into solution when karyokinesis begins, and perhaps contribute 
tothe formation of either the achromatic or chromatic fibres. The 
welear matrix becomes more stainable after the nucleoli have entered 
into solution, and Strasburger attaches great importance to the stain- 
‘tle nuclear matrix, and believes that in vegetable cells it takes part 
inthe formation of the new cell membrane. 

Another function attributed to the nucleus is that of exercising a 
eoatrolling influence on the nutritive or metabolic changes of the cell. 
By certain fluids a vegetable cell can be broken up within its cell wall 
info masses of protoplasm, Strasburger found that in Funaria, the 
¢dlorophyll corpuscles in the fragments of cells so obtained which were 
Yithout a nucleps, were unable to form starch. Klebs found that in 
flments of another plant Spirogyra, when broken up in this way 

(planmolysed), a formation of starch goes on in masses of protoplasm 
destitute of a nucleus, but this is easily explained by supposing with 
Strasburger that the little bright bodies called pyrenoids physiologi- 
ally replace the nucleus in this connection. 

One of the most interesting of modern theories regarding heredity 
is that of Weismann, who speaks of the living substance transmitted 
‘rm one generation to another as the germ-plasma. He farther 
velieves that the germ-plasma is situated in the nucleus of the repro- 
juctive cells, 
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materials again, of a complex nature from the simple carbon compounds 
20 liberated. 

The close resemblance between animal and vegetable cells is further 
shown by the fact that many lower plants (bacteria, moulds, &¢.) not 
oly flourish in solutions of albumin and sugar, but actually shed out 
ferments to convert proteid into peptone, and starch into sugar, to aid 
abeorption. They breathe oxygen, produce carbonic acid, amido- 
derivatives, and, without the aid of sunlight, fat, carbohydrate, and 


‘Nageli! has shown that these fungi will assinilate carbon from 
compounds in which it is combined with hydrogen (amines, é&e.), 
but not from those in which it is combined with nitrogen (cyanogen, 
te.). 

The question whether light has any influence in accelerating the 
chemical processes in animals, was answered in the affirmative by 
Moleschott? and v. Platen.? Speck und Loeb® have, however, shown 
that light of itself does not cause the increased production of ear- 
bonie acid, but acts reflexly through the nervous system, especially 
through the retina, whereby increased muscular movements occur, and 
so an increase in the chemical processes tnkes place. Loeb took 
lepidupterous larva: in the chrysalis stage when movements are absent, 
and found that oxidation processes were practically equal in those 
exposed to light and those kept in the dark. 





APPENDIX. - CHLOROPHYLL“ 


The term chlorophyll was invented by Pelletier and Caventon ;7 
it is the substance or mixture of substances to which the green colour 
of leaves and other vegetable organs is due. 

Tt is an exceedingly unstable body, and most attempts to isolate it 
have failed, because in the processes adopted for the purpose decom- 
position has been brought about. Berzelius, Mulder, and Fremy employed 
strong mineral acids to extract it from leaves, under the mistaken im- 
pression that it was a stable body, but solutions of chlorophyll are 
destroyed by the action of air and sunlight, much more than by 
strong acids, 


1 Sitzungab. Bair. Akad. Wins. 1879. 
1 Wien, mei. Wochenach. 1885. 3 Pfliiger’s Archiv, xi, 272, 
4 Arch. f. exp. Path, u. Pharmak. xii. $ Ppliiger's Archiv, xiii. 893. 
© The following account of the chemistry of chlorophyll ix almost entirely an abstract, 
of a paper by Dr. Schunck on that subject in the Annale of Botany, vol. iii. pp. 65-120. 
+ Annales de chimie et de physique, ix. 194. 








THE CELL 213 


tained in the chlorophyll molecule. Most observers agree in regarding 
chlorophyll as a substance, the molecules of which are in a state of un- 
stable equilibrium. 

Decomposition products of chlorophyll. —Hoppe-Seyler! extracted 
freth grass with boiling absolute alcohol ; the extract on being allowed 
to stand, deposited crystals which were puritied by recrystallisation : 
the substance so obtained, he termed chlorophyllan. It melts at 110°C. 
toa black liquid, which on further heating burns with a luminous 
fame. It is easily soluble in ether, light petroleum, benzol, and 
chloroform. Its solutions show the characteristic first band of chloro- 
phyll, but the remaining bands differ from those seen in fresh plant 
extracts, Hence it is probably a decomposition product of chlorophyll. 
Its percentage composition is C, 73:34 ; H, 9:72 ; N, 568; P, 1:38; 
Mg, 0-34. On treatment with hot alcoholic potash, it yields a black 
emstalline acid (chlorophanic acid), glycero-phosphoric acid, and 
verine. Hence choruphyllan is probably a lecithin. 

By the combined action of ether and hydrochloric acid Fremy* 
dvained two pigments from chlorophyll, a yellow and a blue. The 
ydlow pigment dissolved in the ethereal fluid, the blue one in the acid 
bdow it. The names phyllonanthine and phyllocyanine were respec- 
tively given to these colouring matters. Schunck confirms Fremy’s 
results in the main, and gives a full account of the chemical, physical, 
and spectroscopic appearances of these two substances in the memoir 
alrady referred to. Phyllocyanine is in contrast to chlorophyll very 
suble; it is a weak base, and forms compounds with zine, copper and 
other metals. 

Phylloxanthine is more difficult to purify than phyllocyanine. It 
must be carefully distinguished from xanthophyll, to be described later. 

Whether phylloxanthine is converted into phyllocyanine by the 
entinued action of the acid, or whether the two pigments are formed 
independently, but in succession, from chlorophyll, or whether lastly 
the two owe their formation to two distinct substances which together 
nstitute ordinary chlorophyll, must be still considered doubtful. 

Alkalis cause a decomposition or change in the chlorophyll; Han- 
tes chlorophyll-green is a product of this kind, and Schunck has 

i a crystalline product he terms phyllotaonin. Alkali first 
converts chlorophyll into a-substance of which chlorophyll-green is the 
xdium compound ; on decomposition with acids this yields phyllotaonin, 

1 Zeit. physiol. Chem. iii, 889; iv. 198; v.75. 

* Comptes rend. 1. 409; Ix. 188; Ixxxiv. 983. On the subject of the decom- 
Prition of chlorophyll by acids see also Filhol, Ibid. Ixvi, 121M; Ixxix. 612 (who 


deucribes « black crystalline substance), Russell and Lapraik, Journ. Chen. Soc. xli. 
‘34 Ithin deals expecially with xpectroscopic appearances). 
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viridis (one of the polychwte worms), P. Geddes! failed to get any 
solations of oxygen on exposing it to sunlight. The reason is that 
the green pigment present, is not chlorophyll (MacMunn)? In other 
fas the formation of chlorophyll is due to parasitic algw, existing 
ithin the animal organism, and is therefore not the direct product 
the Iutter. There are cases, however, such as Mydre viridis and 
Muviatilis, in which chlorophyll does exist in the cells of the 
isizals themselves (Ray Lankester). MacMann also has found it in 
teeral sea water sponges? and in the elytra of cantharides beetles.* 
Postton*® has found it in the blood of many butterilies and moths, 
vhow it is probably derived directly from the food, and is apparently 
hisctionless, MacMunn® has found a chlorophyll in so-called livers of 
fay invertebrates, which he terms entero-chlorophyll, and which he 
Paige being respiratory in function. 








esol 
ah Prodan i 
ise rtinn, (ie Stowe ie 1 from Br, Kohunok’s artlale Chiorophyil In Waste Dine 


Tats for cMorophyll—Obtain the pigment in solution and compare 
‘Ws teorption spectram with that of chlorophyll. Add hydrochloric 
wcilin Inrge amount, and allow the mixture to stand some days ; filter 
the dark deposit, dissolve some of it in ether, and compare the 


* Pree. Roy. Soe. Helin. xi, (1881-2). 

Sfocrm. Marine Biol. Asx. 1880, p, 69. 3 Journ. Physio. ix. 1. 

SRE Assoc, Rep. 1883. This confirms the original statement of Pocklington 
Wik was called in question by Krukenberg and Chantand 
* Proc. Roy, Soe, 1885, 110, 247 © hid. xxxv, 870, 
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CHAPTER XV 
THE BLOOD 


Tur blood forms a very convenient starting-point for a consideration 
of the chemistry of the elementary tissues. Using the word tissue in 
the sense of texture, some would, perhaps, hesitate to include the blood 
under that head ; but using the word in the sense of elementary prin- 
ple, there seems but little reason why we should not include the blood 
with epithelium, muscle, &c., among the tissues. Many of the other 
tissues, such as muscle, are composed of a semi-fluid material, and there 
are but few parts of the body that do not contain a large percentage of 
‘ater ; blood is certainly the most fluid of the tissues, but floating in its 
fiuid matrix are a large number of more solid particles, or blood cor- 
axles, which are analogous to the cellular elements of the other tissues. 
From an embryonic point of view, the blood is most nearly allied to the 
gop of connective tissues : it is developed in connection with certain 
Bewblastic cells in situations where connective tissues are in process 
formation, and its cellular elements are throughout life reinforced by 
the multiplication of cells which are situated also in various connective 
tise structures (lymphoid tissue, marrow of bone). 

The blood is not only distinguished from uther tissues by its greater 
fuidity, but also by the fact that throughout life it is in continual 
Borement. This movement constitutes what is called the circulation 
athe blood. Speaking generally, the functions of the blood consist in 
Uinistering to the needs of the other tissues. It receives oxygen from 
the air and conveys it to the tissues and organs generally ; it receives 
Mtrient material from the alimentary canal, and this also it carries to 
therest of the body. In return, it receives from the other tissues the 
Products of their combustion, and conveys them to organs such as the 
hngs and kidneys, where they are finally got rid of or excreted. 

_ The blood thus comes into relation with all the organs, and plays an 
important part in respiration, nutrition, and in all the other functions 
at the body, 

In those animals in which there is but little or no differentiation of 

ion, there is no circulating fluid to bring the different parts into 
mhtin with one another, and at the other extreme of the animal 
Kinglom, where we find the greatest complexity, it is there also that we 
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that there is a ‘diurnal variation’ in the specific gravity of the blood, consisting 
ofafall during the day and a rise during the night. The specific gravity of the 
bhod ix higher in the male than in the female ; and that during pregnancy, after 
tercise, or after the ingestion of food, there is a fall. In a passively congested 
patt the specific gravity of the blood is high. 

The specific gravity of defibrinated blood varies considerably, the average 
for human blood being 1045 (Becquerel and Rodier)'; for dog’s blood, 1060 
(tiger); for rabbit's blood, 1042 to 1052 (Gschleidlen),? 

The specific gravity falls in anemia and wasting diseases generally. It also 
halls after hwmorrhage. 

The specific gravity of defibrinated blood may be ascertained by the use of 
the bydrometer, or more correctly by actual weighing (see p. 15). 





Reactiom.—The reaction of vertebrate blood is always alkaline. 
This is due to the alkaline salts which are present. 

The demonstration of the alkalinity of the blood is very simple. A 
dp of blood is placed on the smooth, faintly reddened surface of a 
piewe of dry, glazed litmus paper,‘ and after a few seconds is wiped off 
With a piece of clean linen rag moistened with water. The place where 
the blood has been standing is marked out as a well-defined blue patch 
(Schafer), 





The manufacture of glazed litmus paper of the kind just alluded to renders 
‘Unecessary the somewhat elaborate methods adopted by older observers to 
demonstrate the alkalinity of the blood. Thus Kiilne* placed the blood in a small 
Gainer suspended in a wutch-glass full of water; sume of the salts pass into the 
"er, the alkalinity of which can be then shown. Liebreich’ recommended 
Peron slabs of plaster of Paris coloured by neutral litmus instead of litmus paper, 
‘ud Zontz* used litinus paper previously moistened with a strong solution of 
‘lium sulphate or sodiuu chloride. 

The alkalinity of plasma or of serum, where there is no difliculty arising from 
the presence of a mass of deeply coloured corpuscles, can be always demonstrated 
bythe use of ordinary litmus paper, or of litmus solution. 





Taste and odour.—The salts present in the blood give it a saline 
taste, 


Blood has also a slight but peculiar odour dependent on the presence 
f minute quantities of volatile fatty acids. This odour, known as the 
Malitus sanyuinis, differs in different animals, It may be further 


' Becquerel and Rodier, Recherches sur les altérationa du sang, Paris, 1844. Traité 
& chimie pathologique, Parix, 1864, p. 41. 

 PMliger, Pfliiger's Archiv, i. 75. 

* Grchleidlen, quoted in Gamgee’s Physiological Chemistry, p. 26. 

{Such as are prepared by Messrs. Townson & Mercer, Bishoprgute Street. 

{B.A Schiter, Journal of Physiology, vol. iii. 

: Kthne, Virchow's Archiv, vol. xxxiii. (1465), p. 95. 

7 Liebreich, Berichte d. deutachen chem. Ges, zu Berlin, 1868, p. 48. 

Zante, Centralbl. f. d. med. Wissenach. 1867, no. 84. 
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(Blatplattchen of Bizzozero) are minute colourless dises which occur in 
living blood, which disintegrate when blood is shed and which take, 
perhaps, some part in the formation of fibrin. 

The fibrin filaments are exceedingly fine and straight ; they en- 
tangle the blood corpuscles, and later, when they have contracted, the 
Wood corpuscles to which they are attached are pulled out of shape 
(Ranvier).' 

A convenient method for demonstrating the fibrin network is as follows 
(tehifer)? :— 

Place a drop of blood from the finger on toa slide, and cover it and put it 
aside for a quarter of an hour to coagulate. Then allow a drop of a solution of 
borax-carmine or logwood to ran under the cover-glass. This decolorises the red 
cupuscles, and stains the nuclei of the white corpuscles, the tibrin filaments, and. 


teblood tablets. The preparation may be rendered a permanent one by allowing 
‘drop of dilute glycerine to diffuse into the fluid, and cementing the cover-glass 


with gold-size. 


i 
Et 





s 





A B 


e.itFibrin laments and blool tablets, A, network of fibrin shown after washing away the 
eayeecles from a preparation of blood that has been allowed to lot, Many of the filaments 
Iatide from small clumps of bool tablet; B, (from Osler) blow! corpuscles and blood tablets 
‘Within a emall vein, 





Microscopic examination thus shows that fibrin is formed from the 
Mood plasma, and that the clot consists of fibrin with the blood 
cmpuscles entangled in its meshes, Fibrin can also be obtained from 
Plasma when the corpuscles have been removed from it, as will be 
phined fully later on. Serum is plasma minus fibrin. The relation 
at plasma, serum, and clot can be seen at a glance in the following 
theme of the constituents of the blood :— 


{Serum 
(Plasma (Fibrin 
Blood - Tred 
‘Corpuscles : ee Clot or Crassamentum 


blood-tablets 


Ttmay be roughly stated that in 100 parts by weight of blood 60-65: 
Petts consist of plasma and the remaining 35-40 of corpuscles. 


1 Ranvier, Traité technique Whistologie, p 24. 
7 Schiffer, Kasentiala of Histology, and edit. 1847, p. 7. 
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Rapidity of coagulation.—The following table gives the average time after 
the shedding of the blood that coagulation commences (Nasse):— 


Blood of fowl begins to coagulate in 1} minute 





o Pig ” ” »  $to 1} minute 
» sheep, ” » ft0ok , 
»  Tabbit ” » gto, 
» doe » 1to 8 minutes 
» man » Sto# 
»  horseandox ,, »  StolB 


In man, solidification is completed in 9 to 1] minutes, but rather sooner in 
the case of women. 

In cold-blooded animals, coagulation is rather slower than in mammals, the 
resulting clot is small after it has shrunk, and the quantity of serum formed is 
correspondinzly large. In birds, not only is coagulation very rapid, but the clot 
is proportionately large, and the yield of serum small. 

The yield of xerum from sheep's blood is greater than from that of other common 
mammals. When large quantities of serum are needed, it ix therefore best 10 
use the blood of this animal, 


The buffy coat, or Crusta phlogiatica.—Tf the blood coagulates slowly, 
as does that of the horse, or that obtained from persons suffering from 
acute inflammatory diseases like pneumonia, the corpuscles will have 
time to sink before the formation of fibrin has begun. The red cor- 
puscles being heavier than the white sink more rapidly, and thus the 
upper stratum of the clot consists chiefly of fibrin and white corpuscles. 
It is, therefore, not so red as the lower portions of the clot, and it is 
termed the buffy coat. The buffy coat is generally cupped ; this is 
because the fibrin contracts more in the centre than at the sides, where 
it adheres to the interior of the containing vessel, the comparative 
les rendering more evident also the shrinking which 




















absence of corpuy 
is so characteristic of fibrin. 


In conditions of anwania and chlorosis the formation of a buffy coat has been 
also observed in the shed blood. This does not seem to be due to coagulation 
being very slow, but rather tor the subsidence of the red corpnscles being very 
quick on account of the ‘ow specific gravity of the plasma, 

Another phenomenon may also be sometimes observed in blood and similar 
fluids that clot slowly, Clotting occurs, and a tiuid, apparently serum, is 
squeezed out; but it is not serum, asin a short time it also clots; the fluid is, in 
fact, plasma, in which the pr cess of fibrin formation her not_yet ocenrred 
or has only partially taken 
























Jace, 


Other changes accompanying coagulation. 





1. In temperature ; there is a slight in temperature. 

2. Tn reaction ; the alkalinity diminishes. 

3. In electrical potential. Hermann states the coagulated parts 
are negative to the non-coagulated parts, 

4. The amount of oxygen in the blood is diminished. The interior 
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ds blood-clot will be always found dark in comparison with the 
aterior. This seems to be because the still living blood cells are 
mdergoing chemical changes, and derive the necessary oxygen from 
the oxyhemoglobin, which consequently becomes reduced and dark. 

5. The tension of carbonic acid in the blood rises.’ 

6. Traces of ammonia are statetl by Richardson to be given off, 
and this he erroneously supposed to be the cause of the coagulation. 
Bat blood collected over mercury coagulates, and in this case there is 
no escape of ammonia. 

The coagulation of the blood is hastened by the following means : 

1. A temperature a little above that of the body (Hewson).? 

2. Contact with foreign matter ; thus threads, wire, &c., introduced 
into the living blood vessels will cause a clot to form, starting from the 
shject introduced. The diseased wall of a blood vessel acts in the 
tame way, so also docs fibrin already deposited on the vascular wall. 
‘When blood is shed, it clots first in those parts situated next to the 
wall of the vessel in which it is contained. 

4. Agitation ; this really is the same thing as repeated contact with 
foreign matter. 

4. Dilution with not more than twice its volume of water. 

5. The addition of minute quantities of neutral salts, such as 
dium chloride. Calcium salts are necessary for the efficient formation 
dfbrin, and for the activity of the fibrin ferment (Green,? Ringer ‘). 

The computation of the blood is hindered or prevented by the follow- 
‘ng means :-— 

1. A low temperature ; when blood is received into a vessel cooled 
by ice to 0°C., the blood remains uncoagulated for an hour or more. 





Dasy* stated that blood c:n be frozen and thawed several times in succession 
Withoct losing its power of coagulating. There is probably, however, a small 
quntity of fibrin formed with every thawing; not. sufficient to cause jellying 
thmaghout the mass of blood. With plasma from which the greater number of 
‘expucles have been separated, it is eaay to demonstrate this, as the few shreds 
fibrin which are formed can be resdily seen in such plasma, while they are 
‘Sbeeured by the opacity of blood. Their formation is probably due to the effect 
the crystals of ice breaking up a certain number of white corpuscles, and so 
lherting a quantity of fibrin ferment, which causes a formation of fibrin when 

temperature is sufficiently raised. 





2. The addition of a sufficient quantity of neutral salt. Hewson 
employed sodium sulphate for this purpose. Magnesium sulphate is 


‘Strumbarg, Pfliiger’s Archiv, vi. 65. 
{ Hexson's Works edited by Gulliver, Sydenham Soc. London, 1846. 
* Green, Journ. of Physiol. viii, 854, 4 Proc, Physiol. Soc. Feb. 1890. 
i Dr.John Davy, Anat. and Physiol. Researches, London, 1859, 
Halliburton, Proc. Roy. Soc. vol. xliv. (1888), p. 266, 
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rstz, The theory is that of Hammarsten, and may be briefly stated 
as follows :— 

When the blood is within the vessels, one of the conatituents of plasma, 
aproteid of the globulin class called fibrinogen, exists in a soluble form. 
When the blood is shed, fibrinogen is converted into the comparatively 
inoluble substance fibrin. This change is brought about by the activity 
ofa special unorganised ferment called the fibrin-ferment. This ferment 
does not exist in healthy blood contained in healthy blood vessels, but 
is one of the products of the disintegration of the white corpuscles and 
probably also of the blood tablets, that occurs when the blood leaves 
the vessels, or comes into contact with foreign matter. 

The Plasma or Liquor Sanguinis 

The liquid in which the corpuscles float can be obtained by employ- 
ing one or other of the methods already described for preventing the 
Yood from coagulating. The corpuscles have a higher specific gravity 
than the plasma ; they therefore sink, and the supernatant plasma can 
te removed by a pipette or siphon. It may then be more thoroughly 
deared from corpuscles by the use of a centrifugal machine (see p. 17).! 

The following are the forms of plasma that may be obtained :— 

a. Pure plaxma.—This may be obtained from horse’s veins by what 
las already been described as the living test-tube experiment. The 
plma removed from the top of the vein clots slowly, at the tempera- 
tare of the air (usually in 15-30 minutes) ; that deeper down, nearer 
tothe corpuscular sediment, itself contains more corpuscles, and coagu- 
hts more rapidly. In all cases the plasma coagulates more quickly at 
Atemperature of 40°C. The process of clotting consists of the same 
tages as the clotting of blood already described ; the clot itself con- 
tits of pure fibrin, or fibrin with only a slight admixture of corpuscles. 

8. Cooled plasma.—This is another form of pure plasma. Blood is 
lowed to flow into the middle compartment of a vessel containing 
three concentric chambers, the inner and outer of which are filled with 
ice (Burdon Sanderson).? 

The corpuscles settle ; the plasma can be removed, and it is found 
to possess the same characters as those already mentioned. 

¢« Transudation fluids.—Pericardial and hydrocele fluids, and 
tinilar transudations into serous cavities, resemble pure plasma very 
coeely in composition. As a rule, however, they do not coagulate 
spontaneously ; but after the addition of fibrin-ferment (or liquids like 
term which contain fibrin-ferment) they always yield fibrin. In cases, 

In the caue of pure plasma, the tubes during centrifugalising must be kept cool by 
‘aclosing them in larger tubes filled with powdered ice. 

? Handbook for the Physiological Lab. p. 168. j 

Q 
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however, in which the serous sac is inflamed, as in pericarditis, the 
fluid is found to contain a large number of white corpuscles ; it then 
clots after removal from the body without the addition of any ferment. 
d. Salted plasma.—This may be obtained by mixing the blood 
immediately when shed with the necessary amount of strong saline 
solution (p. 224). This is found better than Hewson’s original method, in 
which he stirred the blood with the solid salt (sodium sulphate). The 
corpuscles settle somewhat slowly in the case of the blood of oxen and 
sheep, but more rapidly in that of the horse. After twenty-four hour’ 
standing, a good supply of salted plasma can be generally obtained 
readily. This settling can, however, always be hastened by the centz- 
fage. In sodium sulphate plasma, a few strands of fibrin may sometimes 
form, but as a rule it remains many days unaltered. On diluting it with 
four or six times its volume of water, coagulation ensues slowly ; fibrin 
often not appearing for many hours, but always more quickly at a tem- 
perature of 40°C. and always within a few minutes after adding fibrin- 
ferment. Sodium chloride plasma acts similarly. Magnesium sulphate 
plasma is preferred by some workers, because, when diluted simply with 
water, it clots more slowly than other forms of salted plasma, or sometimes 
not at all. It, however, never fails to clot rapidly with fibrin-ferment; 
on this account it is generally employed as a test for this ferment. 
Salted plasma when diluted with water, without the addition d 
fibrin-ferment, clots because the dilution renders the proportion of lt 
present, insufficient to inhibit the activity of the ferment ; the ferment 
is present in small quantities, either from the presence of some few 
corpuscles not removed by the process of centrifugalising, or becaus 
some of these corpuscles have already undergone disintegration. 
Diluted magnesium sulphate plasma is least prone to undergo this 
slow spontaneous clotting, because the proportion of salt used hat 
precipitated some of the precursor of fibrin, fibrinogen, and perhsps 
other globulins as well ; this precipitate is a flocculent-one, and settles 
with the corpuscles to the bottom of the vessel. The proportion 
this salt usually employed is that recommended by Hammarsten,! foot 
parts of blood to one of saturated solution of magnesium sulphate 
Magnesium sulphate plasma therefore possesses the disadvantage & 
not containing all the proteid matter of the original plasma ; a minor 
disadvantage in its use is that it is often stained with hemoglobin.’ 


! Hammarsten. Paliiger's Archi. xiv. 2 
2 Hamburger «Zeit. Biol. xxvi. 414) hi wn that when blood is mixed with wilt 
solutions of different concentrations, there is for each salt a certain concentration wher 
no haemoglobin is dissolved out from the corpuscles, while a saline solution of lo* 
concentration becomes tinged with the pigment. The mean of these two limit» §*? 
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fibrin ; this process can be hindered or hastened by the same agencies 
as have already been mentioned in the case of blood. 

‘The plasma consists largely of water ; the solids, dissolved in it, fall 
into three classes : proteids, extractives, and inorganic salts. 

Gamgee! gives the following table, deduced from the observations of 
(. Schmidt and Lehmann, which shows the relations of these sub- 
stances to one another in haman liquor sanguinis. 


1,000 parts of blood yield !51302 parts of corpuscles 


(486-98 parts of plasma 
1,000 parts of plasma contain : 

Water . . 2 c . Py 7 + 902-90 
Bolidas gcc) 2)S She eer cas Gio pk 9 SSTAO: 
Proteids—1. yield of fibrin. . . . 4:05 

2. other proteids  . 4 e 4 7884 
Extractives, including fat 3 7 + * 5°66 
Inorganic salts 5 wwe B55 


In round numbers it may be stated that the plasma contains 10 per 
cent. of solids, of which about 8 per cent. are proteid in nature. - 

Besides these solids, the plasma has dissolved in it certain 
(oxygen, carbonic ucid, and nitrogen), the consideration of which will 
be taken with respiration. 


General Characters of the Serum 


Serum may be obtained by either of the following methods:— 

1. By allowing plasma to coagulate; the clot is filtered off; the 
filtrate is serum. 

2. By allowing blood to congulate. This is the method more 
usually employed. The fluid squeezed out by the contraction of the 
clot is serum, which may be removed by a pipette or siphon ; and then 
completely freed from corpuscles by the use of the centrifugal machine. 

‘The serum has the same colour and, approximately, the same specific 
gravity as the plasma. It is rather more alkaline than the plasma 
from which it has separated. It however does not clot spontan- 
eously. In other words, the essential difference between it and 
plasma is, that in serum the fibrin-yielding constituent of the plasma 
(fibrinogen) has been removed in the form of fibrin, Serum also 
contains the disintegration products of white corpuscles and blood 
tablets, of which the two most important are globulin and fibrin 
ferment. 





1 Gamgee, Lbid. p. 128, 
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Seram contains the same three classes of constituents as the plasma, 
a. proteids, extractives, and salts. The extractives and salts are 
ie same in the two liquids. The proteids are different, as is shown 

| inthe following table :— 


PROTEIDS OF 


Plasma Serum 
Fibrinogen (subsequently hail to ere . | Serum-globulin 
Serum-globulin £ . | Serum-albumin 
Seram-albumin 3 . eb : . | Fibrin-ferment 


We have now to take up these different proteids one by one. The 
fibrin-ferment has been included among the proteids for reasons which 
will be fully dealt with later on. 


Fibrin 

The microscopic characters of fibrin have been already described. 
Atupply of fibrin in sufficient quantity for chemical investigation 
may be obtained 

(1) By allowing plasma to coagulate. 

(2) By allowing lymph to coagulate. The amount of fibrin formed 
from lymph is 0-4 to 0:8 per 1,000. 

(3) By inducing coagulation in fluids which contain fibrinogen ; 
meh for instance as hydrocele fluid, pericardial fluid, and exudations 
into other serous sacs. This may be done by adding fibrin-ferment to 
mich fluids. 

(4) By the addition of fibrin-ferment to solutions of pure fibrinogen. 

() By whipping freshly-drawn blood with a bunch of twigs ; the 
frin adheres to the twigs, and entangles but few corpuscles ; it may 
then be washed bya stream of running water. This is the usual method 
by which fibrin is obtained. The amount of fibrin formed from human 
Wood ix 2-2 to 4 per 1,000. 

Fibrin is a white stringy solid when fresh ; when dried it becomes 
@yish in appearance. It is extensible and elastic ; and it is owing 
tothe retractility of its fibres that a blood clot contracts. 

It is exceedingly difficult to prepare fibrin free from white blood 
corpuscles ;} and certain constituents of those corpuscles are nearly 
always adherent to it. Even after prolonged washing with water, 


there is always a considerable quantity of fibrin-ferment adherent 
toit. 


A stringy substance may be obtained from white corpuscles which is not true fibrin. 
Nisa nucleo-albumin, 
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a transparent jelly. Stronger acids dissolve it in time with the forma- 
tion of acid-albumin or syntonin, and albumoses. 

Digestive ferments act readily on fibrin, so that fibrin is a convenient 
mbstance to use when demonstrating the activity of the digestive’ 
jnics, Pepsin in an acid solution, and trypsin (from the pancreas) in 
an alkaline solution, cause first a splitting of the fibrin into two 
gobulins, one coagulating at 56°, the other at 75°C.; then the 
formation of albumoses and peptones. 


The subject of the solubilities of fibrin has been worked at by numerous 
Rarer talists. The following is a résumé of the different views that have 

beld:-— 

The researches of Denis and of Hammarsten have been already referred to. 
Gautier! (1874) speaks of the proteid which goes into solution as an albumin, 
Hoppe-Seyler? has shown that it is a globulin, but considers that putrefaction 
paysan important part in the process of solution. Otto" also states that the sub- 
tance in solution is of the nature of paraglobulin (now more commonly known 
‘steram-globulin). Green‘ has (carefully preventing putrefaction) demonstrated 
‘tat the globulin in solution is not exactly like either of the two globulins of the 
pasa (fibrinogen and serum-globulin), but that it is in reality a mixture of two 
tw globulins—one soluble, the other insoluble in 1 per cent. sodium chloride 
‘elation. 

I* have shown that the discrepancics in the heat-coagulation temperature, 
sited by various observers, are due to the different salts used for dissolving 

fibrin. 

The solubilities of fibrin have been discussed from another point of view, viz. 
4a source of fibrin-ferment, by Gamgee’ and by Lea and Green.* 

The solubilities of fibrin in digestive fluids have been a subject of investigation 
inall recent researches on digestion (Kiihne and Chittenden, &c. &c., ace Digestion). 
Lt may, however, be here conveniently mentioned that the splitting of fibrin 
intotwo globulina, which is antecedent to the formation of digestive products 
Proper (albumozes and peptones), was discovered in the case of gastric digestion 
by Hasebroek,’ and in that of pancreatic digestion by A. Herrmann.” These 
are not formed in the digestion of other proteids, nor in fibrin which has been 
Pretionsly boiled or coagulated by alcohol. 


Estimation of fibrin.—The amount of fibrin in blood may be 


twertained in the following way : 
_ The fibrin is obtained by whipping a known quantity of blood ; it 
isvell washed and kneaded under a tap, and finally with distilled water 


' Gautier, Comptes rendus, 1874, vol. ii, p. 227. 

* Hoppe-Seyler, Physiol. Chem. p. 417. 

} Otto, Zeit. physiol. Chem. viii. 129. 

* Green, Journ. of Physiol. 872, 

+ It is possible that one of these may result from the solution of the fibrin itself, and 
the other from that of the entangled white corpuscles. 

$ Halliburton, Journ. of Physiol. viii. 149; ix. 284. 

* Gungee, Ibid. ii, 145. * Tea and Green, Ibid. iv. 880. 

AK Hawbroek, Zeitichr. physiol. Chen. xi. 348. 

A. Herrmann, Ibid. p. 508, 
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The precipitate so obtained is washed with a half-saturated solution of 
the salt, then dissolved in a 6-8 per cent. solution of the same salt, 
and again precipitated by half saturation. These operations should be 
performed rapidly, as prolonged contact with a half-saturated solution 
of sodium chloride renders the precipitate of fibrinogen very insoluble. 
The precipitate finally obtained is apparently soluble in water ; but it is 
enabled to dissolve in water by means of the salt adhering to it. By this 
method fibrinogen may be prepared, not only from plasma and lymph, 
but also from exudation fluids such as pericardial and hydrocele fluids. 

Fibrinogen so obtained is found to have the properties characteristic 
of globulins, viz. insolubility in pure water, solubility in water con- 
taining oxygen, and in weak solutions of neutral salts. Itis precipitated 
from such solutions by dialysing away the salt, or by increasing the 
eoacentration of the salt beyond a certain point, in the case of sodium 
chloride up to half saturation, i.e. about 18 per cent. 

The characteristic properties of fibrinogen are : 

1. In the presence of minute quantities of certain salts of which 
sodium chloride and calcium sulphate seem to be the most important, 
the addition of fibrin-ferment causes the formation of fibrin. Without 
sach addition, a solution of fibrinogen prepared by Hammarsten’s 
method will remain uncoagulated indefinitely. 

2. It enters into the condition of a characteristically sticky heat- 
coagulum at the very low temperature of 56°C. This is true, not only 
with regard to solutions of pure fibrinogen ; but that a heat-coagulum 
is formed at the same temperature in pure plasma obtained by the 
living test-tube experiment is a very striking proof that fibrinogen is 
present as such in the blood.! ‘This was first shown by Hewson,? and 
the fact was subsequently rediscovered by Fredericg.* 

Hammarsten‘ showed that in the formation of fibrin from pure 
fibrinogen, as well as during the process of heat-coagulation, not only 
is there a formation of a solid clot, but simultaneously a small quantity 
of a proteid (a globulin coagulating at a temperature of 65°C.) enters 
into solution, which is probably a decomposition product of the 
fibrinogen molecule. 


fact cannot, however, be regarded ax ubsolute proof that fibrinogen ix present 
as sach in the circulating blood. Injection of fibrin-ferment into the circulation does not 
decessarily cause intravascular clotting; it is therefore poxsible that certain counter- 
acting agencies prevent fibrin being formed in healthy circulating blood, or that thé fibrin 
when formed is immediately rediswolved. Wooldridge supposes that in the circulating 
blood a precursor of Hammursten’s fibrinogen in present, and that this is readily changed 
into fibrinogen when the blood is vhed. 

? Hewson, Works edited by Gulliver, p. 26. 

¥ Fredericq, Recherches sur la constitution du plasma sanguin, Gand, 1878, 

4 Hammarsten, Pfliger's Archiv, xxii. 480. 













236 THE TISSUES AND ORGANS OF THE BODY 


3. The fact that half-saturation with sodium chloride will com- 
pletely precipitate fibrinogen from its solutions is important, as it 
enables us to separate it from serum-globulin, to which it is so similar 
in many particulars. 

4. The fact that it is neceasury to dilute plasma to » greater extent 
than in the case of serum-globulin, in order to precipitate it by a stream 
of carbonic acid, is also characteristic. 

5. Its specific rotatory power for yellow (ie. sodium) light is 43° 
(Herrmann'), The opalescent character of solutions of fibrinogen, 
however, renders polarimetric observations difficult, 

6. Its percentage elementary composition is as follows: C, 52-93; 
H, 6-9; N, 16:16; 8, 1:25; O, 22°26 (Hammarsten ”) ; ie. there is a 
slightly higher percentage of carbon, hydrogen, and oxygen than in 
the fibrins which is formed from it. 

Estimation.—The quantity of fibrinogen in a solution may be 
approximately estimated by weighing the washed and subsequently 
dried fibrin obtained by the addition of fibrin-ferment, or by similarly 
drying and weighing the precipitate caused by heating the slightly 
acidified solution to 56°C. 


Serum-globulin 

This substance was formerly called fibrino-plastic substance by 
Schmidt,? and paraglobulin by Kiihnet The name serum-globulin 
was given to it by Weyl.5 The serum-casein of Panum has also been 
shown to be the same substance. 

Tt may be prepared from blood plasma or exudation fluids (eg. 
pericardial or hydrocele fluid) after they have been heated to 56° C. 
and the heat-coagulum of fibrinogen, which is formed at that tempera- 
ture, removed by filtration. It is most frequently prepared from blood 
serum, : 

The following are the various methods that have been adopted for 
the preparation of serum-globulin :— 

1. The serum is diluted with fifteen times its bulk of water, and a 
stream of carbonic acid passed through it. The precipitate is collected 
and washed with (water that contains no oxygen dissolved in it 
(Schmidt). 

2. The 

1 Herrmann, Zeitach, physiol. Chem. xi 

? Hammarsten, Pfliiger's Archiv, xxii 
arch. f. Anat. w. Physiul. 1461, p. 545, and 1863, p, 428, 
Lehrbuch d. p Leipzig, p. 174. This name in alwo ured by 


Hammarsten, Pfliiger's Arch, xvii. 413 
3 Weyl, Zeitach. f. physiul. Chem. 


erum is similarly diluted, and a few drops of 2 per cent. 



















© Panum, Archiv f. pathol. Anat. iv. 
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‘  setie acid added. There is a small precipitate soluble in excess of the 

| aid; a small precipitate is also produced by acetic acid after the 

' moval of the precipitate produced by carbonic acid ; hence it was 
supposed to be something different from serum-globulin and was called 
wram-casein (Panum), Hammarsten has, however, shown that both 
these methods produce but a very small precipitation of the globulin 
of serum, and that Panum’s precipitate consists of the same substance 
ss Schmidt’s. There is no special serum-casein, or alkali-albumin in 
normal blood. 

3. Mere dilution with ten to twenty times its volume of water will 
can a small precipitation of the globulin from serum. In other words, 
gobulins require a certain proportion of salts for their solution ; this 
tay be lessened by dilution, and hence the precipitation observed. 

4. The same result is brought about by dialysing away the salts 
(wep. 120). The precipitation, however, is never complete. 

5. Saturation with neutral salts. There are many salts that pro- 
due precipitation of the globulin.! Hammarsten was the first to point 
out that magnesium sulphate is the best to use for the purpose ; it 
efects an absolutely complete precipitation of the globulin, and is for 
this reason preferable to sodium chloride,? which was employed origin- 
ally by Denis, and subsequently by Schmidt. It precipitates none of 
theserum-albumin. Saturation with ammonium sulphate or potassium 
acetate precipitates all the proteids of the blood. It is stated by 
Kauder? that half-saturation with ammonium sulphate precipitates 
caly the serum-globulin. 

In all saturation experiments, the liquid should be approximately 
Reatral to start with. Liquids like serum are, however, sufficiently 
Rear to the neutral point for the purpose, but in certain abnormal urines 
vhere globulin may be present, it is necessary to neutralise their acid 
reaction before saturation. In order to ensure complete saturation 
a the temperature of the air, it is necessary to thoroughly shake the 
mixture of salt and serum for two or three hours ; this may be done 
meet readily by a motor of some kind. The precipitate is collected on 
‘filter and washed with a saturated solution of the salt used. When 
Greater purity is required, the precipitate may be redissolved by adding 

distilled water ; the water is able to dissolve the globulin by means of 
the salt adhering to it, and then it can be reprecipitated by saturation. 





' Fora fuller wccount of the action of various salts sce Halliburton, Journ. of Physiol. 
i ~ seq.; Lewith, J. fiir experim. Path. 1. Pharmakol. xxiv. 1; Hofmeister, Ibid. 
Bay, 
? Afall account of the solubilities of werum-globulin in solutions of sodium chloride 
Aditerent strength will be found in Pfliger's Archio, xviii. 89 (Hammaraten). 
Kander, Arch. f. exp. Path. u. Pharmakol. xx. 411. 
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carbonates present in the blood, the presence of which would otherwise 
impede the activity of the ferment. The supposed action of calcium 
chloride in this respect may be represented by the formula 


Na,CO, + CaCl=2NaCl +CaC0,. 


Ofrecent years an entirely new theory was advanced by the late Dr. Wooldridge, 
‘hich may be stated as follows :!—The coagulation of the blood is a phenomenon 
exentially similar to crystallisation ; in the plasma there are three constituents 
concemed in coagulation, A, B, and C fibrinogen. A and B fibrinogen are com- 
pounds of lecithin and proteid, and fibrin results from the transference of the 
keithin from A-fibrinogen to B-fibrinogen. C-fibrinogen is what has hitherto been 
aalled fibrinogen; A-fibrinogen is a substance which may be precipitated by 
cooling ‘peptone plasma,’ and on the removal of this substance coagulation 
curs with great difficulty. The precipitate produced by cold consists of 
towded bodies resembling the blood tablets in appearance. He further found 
ttat other compounds of lecithin and proteid, to which he has extended the name 
df fbrinogen, exist in the testis, thymus, and other organs, in the fluid of lymph 
‘ands, in the stromata of red corpuscles, and in the serum of certain animals; 
these substances may be extracted from the organs by water, and precipitated 
from the aqueous extract by acetic acid, and on redissolving this in a saline 
‘ottion, and injecting it into the circulation of a living animal, intravascular 
thtting occurs, which results in the death of the animal. The form of 
fibrinogen that acts thus, he looks upon as the precursor of A-fibrinogen. 
¥rom these points of view the fibrin-ferment and the white corpuscles are looked 
‘yon as of secondary import in causing coagulation, though it is admitted that 
firin-ferment converts C-fibrinogen into fibrin. 








Thave elsewhere? given at some length my reasons for not accepting this 
thory,and this is not the place for debating a controversial subject. I will 
nerdy ay that I still consider Wooldridge erred, first, in drawing conclusions 
from observations on peptone plasma, without corroborating them by experiments 
on pure plasma; and, secondly, in attributing to the corpuscular elements a 
weondary role in the causation of clotting.* 

The latest theory of coagulation is that of Freund ;' he considers (hat, when 


Yiod is shed, earthy phosphates derived chiefly from the corpuscles unite with 
and thus form fibrin. 











Seram-Albumin 


Serum-albumin, or serine, is the proteid which remains in solution 
after the separation of serum-globulin from the serum. Now that 
Hannarsten’s method has been adopted for the separation of serum- 





' Wooldridge, Ludwig's Featachrift, 1886, p. 221. 
? Journ. of Physiol. ix. 270. Wooldridge defended his views in the same Journal, 
2.39, 


+ Krtiger (Zeit. Biol. xxiv. 189) and Hayem (Du sung, Paris, 1889), who have also 
weently examined Wooldridge’s views, are unanimous in regarding the corpuscles as 
‘mot important factors in fibrin-formation. 

“ Med, Jahrb. 1888, p. 259. 
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inall probability due to the adherence of alkaline salts in small quan- 
tities to the proteid.! 

Serum-albumin gives the usual proteid tests ; it differs from globulins 
ints solability in water, and the fact that it is less readily precipitated 
by saturation with neutral salts. It differs from egg-albumin in its 
specific rotatory power :? 

Fgg-albumin : Specific rotation for yellow light (2)p>=—33:5°. 

Serum-albumin : Specific rotatior. for yellow light (a))>=—56°. 
Ether does not precipitate serum-albumin : it does precipitate egg- 
albumin. 

Further investigation has shown that serum-albumin is not a 
tingle substance, but probably a mixture of several albumins. By 
fretional heat-coagulation it is possible to separate it into three 
proteids, coagulating a at 73°, 8 at 77°, and y at 84°C. (see p. 118). 
The results of elementary analysis also lead to the same conclusion.‘ 

The following tables illustrate certain points in the comparative 
chemistry of serum and plasma. 











TasLe T 
.Protelils in the Blood-Serum? 

Animal * Feet ane — = ‘9 

: Total Protelds per | serum-Globulin | Serum-Albumin 
Mant. 162 ! 310 ; 452 
Horse* . 725 456 267 
or. 50 ' 417 333 
| Rabbit®. T 52 1-78 443 
Pigeon’. 5-01 1:32 3-69 
re . 414 2-90 124 
Tortoise’ 476 2°82 1-94 
Linn’ 16 3:33 183 
Terrapin® 5-25 4°66 069 
+ Saake", 5:32 4-95 087 
Frog! . 254 : 218 0:36 
Newt, 374 3°31 0-43 
Bie. ese 6-73 5:28 145 
Dogfish? = 1-62, 117 0-45 








1 Aronstein, Pfliiger’s Archiv, viii. 178. A. Schmidt, Ludwig's Fetgabe, 1874, p. 945 
Phiger's Archiv, Heynsius, Ibid. ix. 614. Winogradoff, Ibid. ii. p. 605. Huizinga, 
Tad i, 892, Haas, Ibid. xii. 878-410, 

Hoppe-Seyler, Zeitach. f. Chem. u. Pharm. 1864, p. 787. 

Halliburton, Journ, of Physiol. v. 153. 

‘Kander, Arch. f. exp. Path. u. Pharmak, xx, 411, 

* The total proteids are estimated by weighing the precipitate produced by adding 
‘kohol to the werum; the globulin is estimated in another portion by Hammarsten's 
Mithed (p. 288) ; the difference between the two gives the amount of albumin. 

; * Hammarnten, ‘Ueber das Paraglobulin,’ Pfliiger's Archiv, 1878. 

| Halliburton, Journ. of Physiol. vii. 821. 8 May, Ibid. p. 319, 

" Howells, Studies from the Biol. Lab. Johns Hopkins Univ. Baltimore, iii, 49. 

Wolfenden, Journ. of Physiology, vii. 828. 
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TaBLE II! 





Heat-Coagulation Temperature of 





Blood of 1 
| | Fibrinogen Gigeain Serum-Albumin : 
a eee 
Man. . mec. ' wc |! TPC. 8°. 
| Monkey « me; me | aT 83° 
{Dogs ss 75° 73° 78° ate 
Cat! 75° 78° qe 
) Rabbit . y ise 73? iT” Bae 
Pig 2 Lt, we Tee 77° aie 
| Horse 75° ae we} ate 
Ox 73° = a7 BA 
| Sheep 75° 77° | Bie 
Hen . 75° 78° 86 
| Dove. 75° 77? | RB 
Newt 1 75° oa al 
; Toad . | 78 | = 
j Frog . : 76° ibe | af 
| Lizard 1 750 a 
Perch | 75° on ee 
| Roach we! - | - 
t 1 


The above tables give merely illustrative examples from the diffe- 
rent groups of the vertebrate kingdom. From them the following 
conclusions can be drawn :— 

1. The temperature of heut-congulation of the two globulins of the 
plasma (fibrinogen and serum-globulin) is exceedingly uniform through- 
out the vertebrate kingdom. The small amount of fibrinogen, as 
judged by the smallness of the clot in cold-blooded animals, has been 
already alluded to (p. 222). 

2. Tn warm-blooded animals, mammals and birds, the serum-albumin 
can be differentiated into three proteids by a process of fractional heat- 
coagulation. In certain ungulates, however (horse, ox, sheep), only two 
varieties (/3 and y) of serum-albumin are present. F 

3. In cold-blooded animals, the proteids differ from those of warm- 
Dlooded animals in the following points = 





(«) The percentage of total proteids is smaller. 

(}) The serum-albumin ix especially diminished, not only absolutely 
but relatively to the serum-globulin present, 

(c) The serum albumin ix a xingle proteid, corresponding to that 
called serum-ulbumin a in the higher vertebrates. 


1 Compiled from Papers by myvelf in the Journ. of Physiol. v.159, and vii, 330; 
Quart, Journ. of Mic. Science, xxviii, 198. 
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It has been stated that during starvation the serum-albumin diminishes 
nore quickly than the serum-globulin ; in the case of snakes, Tiegel has said that 
thealbumin altogether disappears. Burckhardt stated that much the same occurs 
in dogs. These observers did not, however, employ the only exact means of 
eximating the proportion of globulin and albumin, which is Hammarsten’s 
maguesium sulphate method, Howells and Salvioli, who employed this method, 
showed that the observations of Tiegel and Burckhardt were incorrect.! 


In concluding the subject of the proteids of the plasma and serum, 
itmay be added that no proteoses (albumoses) or peptones are to be 
found in normal blood, even in the portal circulation when absorption 
istaking place, This subject will be discussed at greater length in the 
chapter on Absorption. 

The following scheme represents a method of separating the proteids 
f the plasma or of similar fluids : 


Plasma, Add an equal volume of saturated solution of sodium 
chloride. A. precipitate is produced. 





Filter. 
2 Ie 
Preiitale : consists Filtrate sintaenl the remain- 
of FIBRINOGEN ing proteids. Saturate with 
magnesium sulphate ; a pre- 
cipitate is produced. Filter. 
| 
scl | 
Precipitate : consists of Filtrate contains seRuM- 
8ERUM-GLOBULIN ALBUMIN. Heat to 73°C. ; 
a precipitate is produced. 
Filter. 
2 ite 
Pissipitate is a heat- Filtrate contains serum-albu- 
coagulum of serum-albumin a min /3 and y. Heat to 77° 
C. ; a precipitate is produced. 
Filter. 
ee ae ae! 
Tae ' ; | 
Precipitate is a heat-coagu- _—Filtrate contains serum-albu- 
lum of serum-albumin 3 min y, which is precipitated at 
84°C, 


' For reference to this subject see Journal of Physiology, vii. 322. 
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The following is another method :— 


Allow either spontaneous coagulation to take place, or in 
the case of salted plasma, dilute and add fibrin-ferment. 





A clot fort 


filtered off. 
| 


, and a liquid residue called serum can be 





| 
Clot=tibrin 


1 
Liquid residue=serum. Saturate- 


with magnesium sulphate ; a pre- 


cipitate forms. 


Precipitate=seru™- 
GLOBULIN: 


Filter. 
i 


| 
Filtrate contains sRRUM- 
ALBUMIN. 


The following method illustrates how by the use of various salts the 


proteids may be separated. 


Puaswa.—Saturate with ammonium sulphate ; a precipi- 


tate forms. Filter. 


| 

Precipitate of PROTEIDS. 
Wash with saturated solution of am- 
monium sulphate, Redissolve the pre- 
cipitate by the addition of water, All 
the proteids dissolve. Saturate this 
solution with magnesium sulphate ; 
a precipitate forms, Filter. 


consists, 


Precipitate =GLoBULINS — (plasmine — 
Denis) (=fbrinogen + serum-globulin). 
Wash this precipitate with saturated 
solution of magnesium sulphate ; then 
add water, the globulins redissolve 
owing to the presence of adherent salt. 
Heat this solution to 56°C, ; the 
fibrinogen is precipitated as a heat- 
coagulum at 56°, the serum-globulin 
remaining in solution, Or add an 
equal volume of saturated solution 
of NaCl ; a pp. forms. Filter. 
(Precipitate=fibrinogen 
(Filtrate contains serum globulin. 

















| 
Filtrate containsthe 
otherconstituents of 
the plasma, 


Filtrateohitaiue ansuwane 
which may be precipitated 
and separated by frac- 
tional keat-coagulation. 
Or saturate the solution 
with sodium sulphate; a 
precipitate forms, This 
pitate = albumins, 
wchich may be redissolved 
in water, and then separ- 
ated by heat-congulation. 
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‘Is the properties of fibrin-ferment. Reasons have already: been 
given for considering the fibrin-ferment and cell-globulin as identical 
(ue p. 241). 

3, An albumin. After filtering off the globulins, the albumin 
remains in solution. It coagulates at 73° C. and resembles serum- 
abamin a in its properties, It is present in very small quantities, and 
may be provisionally termed cell-albumin. 

In concluding this account of the proteids of lymph cells, it may 
beadded that no substance like myosin or fibrin can be obtained from the 
cells; there is, however, a formation of sarkolactic acid! after death as 
inmuscle : and if the glands be left, especially at the temperature of 
the body, for some hours after death, a process of self-digestion takes 
pice, the pepsin present in the glands, as it is in most tissues (Briicke), 
becoming active when the reaction of the tissue becomes acid ; under 
these circumstances there is, in addition to the proteids already enu- 
uerated, a small and varying amount of proteoses and peptones. 

The nucleo-albumin was mistaken by some of the earlier observers 
fr myosin, from which it differs markedly. Some also have mistaken 
itl fibrin? ; the way in which it extends in strings when poured into 
tater accounts for this ; these strings subsequently contract, and here 
indeed is a point of resemblance hetween it and fibrin. But here all 
taemblance stops. 


THE BLOOD TABLETS 


Inaddition to the white and red corpuscles, a number of colourless 
ties averaging -002—003 millimetre diameter are also seen. They 
ttist as such in the circulating blood. By some they have been 
mpposed to be stages in the development of red corpuscles ; some? 
cotider them to be masses of undifferentiated protoplasm, but their 
igin and destiny has never been explained. The action of inert 
wlids upon them after the blood is shed is much the same as on white 
Yond corpuscles. It causes them to become sticky, to run together, 
le contour, change shape, and in many cases undergo complete dis- 
tegration, Strands of fibrin start from collections of blood-plates, 
‘opmbably one product at least of their disintegration is fibrin-ferment. 

In spite of the large amount of research from the histological stand- 

'Itwas Hirschler who showed that the variety of Inctic acid formed was sarkoluctic 
il Zeitach, f, physiol. Chem. xi 41). Berlinerblan (Chem. Centralbl, 188, p. 737) 
Males that lactic acid ix a normal constituent of blood. Bu non (Virchows Archiv, 
‘ii, $56) has shown that fresh blood contains no lactic acid, but on standing a +mall 
‘amnt forms, no doubt from changes of fermentative nature in the white ‘corpuscles, 

"Denis called it fibrine coneréte ylobuline, Wooldridge also xpoke of it as fibrin 
‘Dn Bois Reymond’s Arch. f. Physiologic, Wel, pp. 387-411), Hammarsten waa the 
fre. to show thut it in not true fibrin (see p. 242). 

* Hayeratt, Journ, of Anat. and Physiol. xxii, 302. 
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themoares. The number on ten squares is then counted, and this 
saltiplied by 10,000 gives the number in a cubic millimetre of blood, 
Tiearerage number of red corpuscles in each square ought, therefore, 
fh Girma! human blood to be 45-50. 





a 
ae 


‘Vie. 34. Hrenmseytorneter of We. Gower’. (Maile by Hawksley & Co. Oxtord Street.) 





Sprifie gravity.—C. Schmidt gives the specific gravity of red 
corpuscles as 1-089, Welcker as 1°105, 

Shope and size,—They vary in size and structure in different 
fps of the vertebrate sub-kingdom. In Mammalia, with the ex- 
‘Utica of the Camelidw, they are biconcave, circular discs ; they have 
‘Miucleus except during embryonic life, and they have « tendency to 
Tminto ronleaux when the blood is at rest, but if it is disturbed they 
‘Walily become separated. In the Camel tribe they have an elliptical 
Malline. ‘Their average diameter in mammals is ‘007-008 millimetre * 
‘Gitjy tach), and about one-fourth of that in thickness ; there are very 
‘Aight variations in different classes of mammals. In birds, reptiles, 
‘Aaphibians, and fishes, the red corpuscles are biconvex, oval dises, with 
‘Atuckus ; they are largest in the amphibia, 


_ Antion of microscopic reagente— Water canses the corpuscles to swell up, 
BA ithe sume time dissolves oat the hemoglobin, leaving a globular colourless 


MEE deiation canses the corpuscles to shrink. They become wrinkled or 
hanna e 
V This ts often written TH. 14 (micro-millimetey) eanesthousandth of « milliimetes 
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‘ood corpuscles. In later embryonic life these are replaced by the usual non- 
aucleated discs, which are moulded within connective tissue cells as before, except 
that the cell nuclei do not participate in the process. 

Nocleated coloured corpuscles are not seen in the blood after birth; but they 
¢atinue to be formed in the red marrow, and in some animals in the spleen also. 
Probably the nucleus disappears from them, and the coloured protoplasm is 
moulded into a discoid shape. Malassez, however, considers that the red discs are 
formed by a process of budding from these cells, which he terms globuligenic cells. 

The evidence that the red corpuscles are derived from the white, or from the 
nuclei of the white corpuscles, or from the blood tablets, is insufficient. 

Compotition.—According to C. Schmidt, 1000 parts of moist red corpuscles 
‘contain :— 





Water . ; 
seriae £ Oreanic 
Solids 
ome TU Mineral 
According to Hoppe-Seyler and Jiidell.? 100 parts of dried corpuscles contain 


; : 
| Human Blood | Vog’s Bloot Goose's Blood 




















| 
Cholesterin . | 048 | 
' | 
The mineral constituents of the red corpuscles have been investigated by 
C. Schmidt, and the following tables contrast those of the red corpuscles with 
hose of the plasma in man. 
100 parts of moist corpuscles yield :— 
Mineral matter (exclusive of iron, which is contained 
in the hemoglobin) ; 
Chlorine a ae 
Sulphuric anhydride 
Phosphorus pentoxide . 
Potassium ‘ 
Sodium. 
Calcium phosphate 
Magnesium phosphate . 





1000 parts of plasma yield «— 
Mineral matter... ew ew 8580 
Chlorine . . . rs Hi e Fy ‘ ‘ 3640 
Sulpburicanhydride . | ws, 
Phosphorus pentoxile. . eID 
Potagsiam . we wee 08 8B 
Sodium ong cv + . . rt . w 3-341 
Calcium phosphate... + + ORL 
Magnesium phosphate. =... ee RED 


_ Me Rendrick’s Physiology, vol. ii. p. 170. 

qMoppeseyler and Jtidell, Med. Chem, Untersuch. Heft iii, p. 386, P, Maname 
physiol. Chem. xiv. 452), gives the percentuge of lecithin in the red corpuscles as 
of cholesterin an 0151. 
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‘The remarkable difference in the distribution of potassium and sodium seen 
in the above does not, however, hold for most animals, as the following table 
shows (Gamgee)! :-~ 


Liquor Sanguinis 











cl 
406K 
373L 
41-70 
40°89 
40-41 





3807 
14s 





Oxygen ix contained in combination with the hamoglobin to form oxyhwmo- 
globin. The corpuscles also contain a certain amount of carbonic acid (+e 
Respiration). 

The chief constituent of the corpuscles is thus hemoglobin. 

According to Hoppe-Seyler? lecithin exists as such in the red 
corpuscles ; earlier observers (Liebreich, Hermann 3) considered that it 
is present in the form of a substance called protagon ; of which lecithin 
position product. Protagon is according to Hoppe-Seyler a 
xture of lecithin and cerebrin. Gamgee,’ however, has more 
recently shown that protagon is perfectly detinite proximate principle, 
and probably exists in nervous tissue as such, though with regard to 
the red corpuscles Hoppe-Seyler's view is now generally held. Lec 
and cholesterin are extracted from the corpuscles by ether. They will 
be more fully described under nervous tissue. 

Lhe proteids of the stroma.—The best method for preparing the 
stromata of the corpuscles is that of Wooldridge * ; detibrinated blood 
is centrifugulised repeatedly with a 1 per cent. solution of sodium 
chloride until the corpuscles are obtained free from adherent serum ; 
they are then dissolved in 5 or 6 times their volume of water, and 
shaken with a little ether to assist the solution ; the white corpuscles 
ure then allowed to settle, or way be separated by centrifugalising. 
From this solution the stromata are precipitated by the addition of 
a few drops of a 1 per cent. solution of acid sodium sulphate. The pre- 
cipitate is collected, washed, and may be readily dissolved in a 3 
nt. solution of magnesium sulphate. Kiihne,® who used a rather 
nt method of separating the stromata, found that their chief 
proteid constituent was a fibrino-plastic globulin. This result I have 
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pin them, and to recognise their true nature. Kunde,' working at the same 
tine, made extensive observations from a comparative point of view, and was the 
dacorerer of the exceptional form of the crystals in the guinea-pig and squirrel. 
Sace theo, many investigators have worked at the subject, notably Lehmann,’ 
Rolett von Lang,‘ and Preyer,» who has written an exhaustive treatise on the 
abject. 

The tetrahedral blood crystals of the guinea-pig were at one time supposed to 
belong to the regular system, but it was von Lang who showed that they are in 
tality rhombic, 

Asimilar question might arise with regard to the hexagonal crystals of the 
squirrel and the hamster. May they not be rhombic crystals which have what 


A 





c 
Fe.S7, Soppoe 4 m6 n (a) to be the basal plane of u rhombie plate, and the angle an ¢ to be 
‘spproximately 120°, the lines jolning a c, mb being the axes, Then if the angles b a0. 0c it be 
Rylwel, at shown by the dotted lines, a hexagon will be produced differing but little from a 
egular hexagon. 


nineralogists call a hexagonal habit® (eee fig. 57 a)? or might they not be rhombic 
i consisting of three parallelograms or six triangles (as shown in fig. 57 
‘and ¢)? 

Inorder to settle this question it is necessary to examine the optical properties 
of the crystals. 
hae may be divided, according to their optical properties, into three 
a 

1. Itropie.—Those in which there is no distinction of different directions as 
Tegaris optical properties, Thix includes crystals belonging to the regular 
‘¥stem. They have but one refractive index, i. refract light, like amorphous 
dodies, singly. 

2. Usiazal.—Those in which the optical properties are the same for all 
‘linetions equally inclined to one particular direction, called the optic axis, but 
Vary according to this inclination, ‘This class includes crystals belonging to the 
dimetric system (crystals with three rectangular axes, two of them being equal) 
and the hexagonal system. The optic axis corresponds with the principal 
TyWtallographic axis; that is, in the caxe of a hexagon the axis perpendicular to 








' Kunde, Zeitach. f. rat. Med. N. F. Ba. ii. 1852, p. 276. 
7 Lehmann, Ber. a. k. sitchs. Ges. d. Wissen. 1852, p. 22. 
* Rollett, Sitzungeber. d. Wien, Akad. Bd. xlvi. 1862, p. 6 
* Lang, Ibid. » Preyer, Die Blutkrystalle, Jena, 1871. 
Copper glance is an instance of this occurring in the mineral kingdom, In one form 
mica also, crystals of the monoclinic system simulating hexagons are found. 
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tpn them, and to recognise their true nature. Kunde,' working at the same 
time, made extensive observations from a comparative point of view, and was the 
discoverer of the exceptional form of the crystals in the guinea-pig and squirrel. 
Since then, many investigators have worked at the subject, notably Lehmann,? 
Rollett, von Lang,‘ and Preyer,’ who has written an exhaustive treatise on the 
sabject. 

The tetrahedral blood crystals of the guinea-pig were at one time supposed to 
belong to the regular system, but it was von Lang who showed that they are in 
nality rhombic. 

Asiuilar question might arise with regard to the hexagonal crystals of the 
squimel and the hamster. May they not be rhombic crystals which have what 








c 


Fw.5%, Suppose 4 Bc 1 (a) to be the basal plane of x rhombic plate, aml the angle anc to be 
‘apeaiantele 120, the lines joining 4c, Hp being the axes, Then if the anglex b AR. bc 1 be 
Rplacel, as shown by the dotted Hines, a hexagon will be produced differing but little from a 
regular hexagon. 


nineralogists call a hexagonal habit® (see fig. 57 a)? or might they not be rhombic 
ost consisting of three parallelograms or six triangles (as shown in fig. 57 
‘and ¢)? 
In order to settle this question it is necessary to examine the optical properties 
Of the crystals. 

Crystals may be divided, according to their optical properties, into three 
lanes -— 

1. Iastropie.—Those in which there is no distinction of different directions as 
Texaris optical properties, This includes crystals belonging to the regular 
*¥stem, They have but one refractive index, i.e. refrict light, like amorphous 
bodies, singly. 

2. Uniazal.—Those in which the optical properties are the same for all 
rections equally inclined to one particular direction, called the optic axis, but 
Vary according to this inclination. This class includes crystals belonging to the 
imetric system (crystals with three rectangular axcs, two of them being equal) 
‘nd the hexagonal system. The optic axis corresponds with the principal 
‘Cryntallographic axis; that is, in the case of a hexagon the axis perpendicular to 











| Kunde, Zeitech. f. rat. Med. N. F. Ba. ii. 1852, 
? Lehmann, Ber. d. k. siichs, Ges. d. Winsen. 1452, p. 
Rollett, Sitzungsber. d. Wien. Akad. Bd. xlvi. 1462, p. 65. 
* Lang, Ibid. ® Preyer, Die Blutkrystalle, Jena, 1871. 
* Copper glance is an instance of this occurring in the mineral kingdom. In one form 
olmica also, crystals of the monoclinic system simulating hexagons are found. 
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tpn them, and to recognise their true nature. Kunde,’ working at the same 
time, made extensive observations from a comparative point of view, and was the 
discorerer of the exceptional form of the crystals in the guinea-pig and squirrel. 
Sie thea, many investigators have worked at the subject, notably Lehmann,? 
Rollett,? von Lang,‘ and Preyer,’ who bas written an exhaustive treatise on the 
sabject. 

The tetrahedral blood crystals of the guinea-pig were at one time supposed to 
belong to the regular system, but it was von Lang who showed that they are in 
nality rhombic. 

A similar question might arise with regard to the hexagonal crystals of the 
squimel and the hamster. May they not be rhombic crystals which have what 





Cc 


TR.S7, Suppose A Re D (a) to be the baal plane of a rhombic plate, ani the angle anc ta be 
spprorimately 120°, the linea joining Ac, Hp being the axes, Then if the anglex DAR, 0c 1 be 
Tplacel, ax shown by the slotted lines, a hexagon will be produced differing but little from a 
pula hexagon. 





nineralogists call a hexagonal habit® (see fi. 57a)? or might they not be rhombic 
te consisting of three parallelograms or six triangles (as shown in fig. 57 
and ¢)? 

In order to settle this question it is necessary tu examine the optical properties 
of the crystals. 
oa may be divided, according to their optical properties, into three 
a 

1. Imtropie.—Those in which there is no distinction of different directions as 
Taards optical properties. This includes crystals belonging to the regular 
ssstem. They have but one refractive index, i.c. refract light, like amorphous 
bodies, singly. 

2. Uniazal.—Those in which the optical properties are the same for all 
directions equally inclined to one particular direction, called the optic axis, but 
"ary according to this inclination. ‘This class includes crystals belonging to the 
dimetric system (crystals with three rectangular axes, two of them being equal) 
an the hexagonal system. The optic axis corresponds with the principal 
Crystallographic axis; that is, in the case of a hexagon the axis perpendicular to 








' Kunde, Zeitsch. f. rat. Med. N. F. Ba. ii. 1852, p 
7 Lehmann, Ber. d. k. siichs, Ges. d. Wissen. 1852, p. 22. 
* Rollett, Sitzungsber. d. Wien. Akad. Ba. xlvi. 1862, p. 65, 
{ Lang, Ibid. 3 Preyer, Die Blutkrystalle, Jena, 1871. 
rr Copper glance ix an instance of this occurring in the mineral kingdom. In one form 
‘Nuica also, crystals of the monoclinic system simulating hexagons are found. 
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‘pon them, and to recognise their true nature. Kunde,’ working at the same 
time, made extensive observations from a comparative point of view, and was the 
dixoverer of the exceptional form of the crystals in the guinea-pig and squirrel. 
Sine thea, many investigators have worked at the subject, notably Lehmann,? 
Rolltt,* von Lang,‘ and Preyer,’ who has written an exhaustive treatise on the 
sabject. 

The tetrahedral blood crystals of the guinea-pig were at one time supposed to 
belong to the regular system, bat it was von Lang who showed that they are in 
nality rhombic. 

A similar question might arise with regard to the hexagonal crystals of the 
quinel and the hamster. May they not be rhombic crystals which have what 





FRAT Sappone A n.¢ D (a) to be the basal plane of w rhombie plate, andl the angle an ¢ to be 
‘proximately 120°, the lines joining A c, B.D being the axes. Then if the angles ban, 1.6 Whe 
Replace as shown by the dotted lines, a hexagon will be protuced differing but little from a 
‘epular hexagon. 


mineralogists call a hexagonal habit® (ace tig. 57 a)? or might they not be rhombic 
tens consisting of three parallelograms or six triangles (as shown in fig. 57 
and ¢)? 

In order to settle this question it is necessary to examine the optical properties 
of the crystals. 
oa may be divided, according to their optical properties, into three 
p 

1. Hiatropie.—Those in which there is no distinction of different directions ax 
Teards optical properties. This includes crystals belonging 1o the regular 
"em. They have but one refractive index, i.c. refract light, like amorphous 
bodies, singly. 

2. Uniaral.—Those in which the optical properties are the same for all 
directions equally inclined to one particular direction, called the optic axis, but 
‘ary according to this inclination. ‘This class includes crystals belonging to the 

limetric system (crystals with three rectangular axes, two of them being equal) 
and the hexagonal system. The optic axis corresponds with the principal 
‘ytallographic axis; that is, in the case of a hexagon the axis perpendicular to 











' Kunde, Zeitach. f. rat. Med. N. F. Bd. ii. 1852, p. 
? Lehmann, Ber. d. k. sdichs. Ges. d. Wissen. 1852, p. 22. 
: Rollett, Sitzungsber. d. Wien. Akad. Bd. xlvi. 1462, p. 65. 
¢ Lang, Ibid. ® Preyer, Die Blutkrystalle, Jena, 1871. 
7 glance is an instance of this occurring in the mineral kingdom. In one form 
nica alyo, crystals of the monoclinic system wimulating hexagons are found. 
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(the band), The centre of the « band corresponds to A 579, of! 
band to 4553-8 (Gamgee!), As will be seen by looking at fig. 
solution of oxyhemoglobin of concentration greater than 0-65 per 
and less than 0°85 per cent. gives one thick band overlapping 
and E, and a stronger solution still, only lets the red light th 
between the C and D lines, 

A solution which gives the two characteristic bands must the 
be adilute one, But, as before said, we are able with such soluti 





b mo oF ph Oe apc OD mB 
1 ut 


P19), 58—Graphle repreentations of the amount of absorption of light by solution of (y 
lobin, (1) of hwmaglobin, of difterent strvuythe. The shading inllentes the amok 
tion of the apeeteutn ; the figures on the right border expres peroeutages (ROUett), 

oxyhawmoglobin, or defibrinated blood will do equally well, to i 

the reduction of oxyhwmoglobin which occurs in the body. Thi 

first pointed out by Professor Stokes,? who employed for the pu 
the reducing agent now known as Stokes’s reagent. 

‘The following are the means by which we can displace the respit 
oxygen in a solution of oxyhemoglobin ;— 

(1) By boiling it in the Torricellian vacuut of a mercurial air} 

(2) By passing through the solution a neutral gas such ag mitt 
hydrogen, or carbonic acid, 

(3) By the use of reducing agonts. 

(a) Stokes’s reagent; a solution of ferrous sulphate, to wh 

1 Gamgee, Phyriological Chemistry. Where other wavelengths ara give 


quently, they are tiken either from Gamgoe’s measurements, or from those G) 
MecMunn, and published in SteKendrick's Physiology. 


¥ Stokes, Proc, Hey. Soc. xiii. 357. 
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Fe 1, Eolas spectraan. 2 Spectrum of oxshemoglobin (0°37 pc. solution). First tani, d 89. 
A] eceash ben), AGSE-317, 3, Spectrim of hemoglobin. Band, 40T-334. 4, Spectrum’ of COM 
in, First mod, A243-564 nosond hand, A S47-331. 5, Speetrum of methwemogiobin 


Gramenteated solition}. Spectrum of wottuenOglobin (alfiave solution) Piest Wy & G47 
third tend, A 62-382; fourth band, A 14-190. 7, Mpectrom. ut 















422; woond 

Ses Seitin cettereal vcintion Pest baud, A 636-613: second tan, A thind bend, 4 

Geeta; foerth hand, A 817-15. KH Spectrim of alkuline Inemaths, Baud from A 6 
Flrvé hanvl, A 60-82; szeumil anil, A 


Spectrems of heranchromogen (rednced hmmatin). 
30, Spectrum of sei harnatoporphyrin. First Tau, A 


mrphyein. Plevt ban 


3: secon band. A 
‘second bal,» 8°. 











531, 8 Ut aliallne hema: 
fu mililonths of a rafilimotre, liquid was envinined in a tayor ane tre thick. 
(ilies of I-defined bande vary a good deat sith Che caucontration af the solute 





p ‘Spectrom 
Bae Aisarwiy Se the eacyicbla oe ie 
cir form is the same as that of the oxyhemo- 





confirms Hiifner’s statement that chapiare 
1870, 1 400. 
Chem. ii. 100. 
a the o method largely it their work, 
Methiimoglobin vom Hunde,’ Zeit. physiol, 


i on Blood,’ Philos. Trans. 1868, ps. 589, at seg. 
419. Jiiderholm now agrees with Hiifner and Kile with 
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cooling, the crystals which are triclinic plates 
1 Labensbaum (Monate. Chem. vill, 196) finds thet r) 


1858, vol. iti, p. 875, will. p. 141). For crystallography see T 
1885, p. 85, 














processes of plant and animal life. The q i 
FE ia Feaiy eases grcursin pnd Sts ARES 
over during treatment. Bunge! explains the 
chlorosis by its forming iron sulphide in the in 
SS ay essence, wees en ea 


‘on the hemoglobin molecule. I his fo, choot 
little or no carbohydrate food. Landwehr fi r 
precipitates the gum in the iinsastiey aakial Sah y 
and thus excess of gum leaves the body with the feces. — 


The disease was first describod by Drs. Wilks a 
since then numerous observers have added greatly to 0 
its symptoms and pathology. We have here, 
with the changes in the blood, and the probable 

‘The changes in the blood have been very thor 
by Eichhorst,‘ and may be summarised as follows :— 

1, The coloured corpuscles are diminished i 
amount of hemoglobin they contain. There isa 

1 Bunge, Zeit. physiol. Ohem. tx. 49. 





“Homoglobimaria,—This is « condition in which € 
the red corpuscles becomes dissolved in blood plasma 
and passes into the urine, mostly in the co ic 
This condition wil be more fly descr under Urine. 


or even, it is said, 1 : 3; and in these cases when the bloo 
the appearance of a mixture of blood and pus. 
Saba eee coral ly-acecnpanted “WEE ea 
spleen ; sometimes with a general 
it the body ; itis however gute pose 
‘increase in the size of the lymphatic glands (1j 
any leucocythwmia,' ‘Thies nro’ vthor- dense 
marrow is diseased (myelogenic leucocythmmia), ar 
like those of the embryo are found in the ei 
It is possible that in certain cases of leu h 
forms of intense anemia the affection of red 
secondary rather than primary. Thus Denys,* who | 
the formation of red corpuscles in pigeons, finds th 


hamoglobin or are derived from it; they may indeed be oftes. to 
Teaotions of 


3 Denys, Lat structure de la moelle des ox ches les oiseana. 
Panatomie pathologique ile Nuniversité de Louvain. 
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like fibrin after its formation, but in many of its properties it is more 
like mucin than fibrin (Schifer'). : 

In one echinoderm of the ophiurid class, hemoglobin has been 
described as occurring dissolved in the blood plasma (Fottinger*), and 
in another (Zhyonella gemmata, a holothurian) in nucleated oval 
biconvex corpuscles (Howell?). 

MacMunn has made numerous observations on the brown colouring 
matter mentioned as being observed by Geddes in the corpuscles ; Mac- 
Munn‘ made a spectroscopic examination of the perivisceral fluid of the 
echinoderms, Stronyylocentrotus lividus, Echinus esculentus,and Spheera. 
‘The pigment was found to vary in tint very much, brown, yellow, and 
red, and it darkened in the air. He named the pigment echinochrome, 
‘and considers that it has a respiratory function, the darkening being 
due to oxidation. In the fresh state it shows no distinct bands, but 
after the addition of a caustic alkali, or by solution in various solvents 
(water, glycerine, alcohol, ether, chloroform, éc.), it shows bands which 
shift in position somewhat with the solvent used ; it may, however, 
‘be roughly stated that there is one wide shading covering E and 
another between 5 and F. The solubilities of the pigment are very 
remarkable ; it reminds one of a lipochrome, but differs from other 
fatty pigments in being soluble in water. The evidence adduced as to 
its respiratory function does not seem to me to be absolutely con- 
clusive. 


THE BLOOD OF WORMS 


The blood of worms is coloured in most cases by hemoglobin dis- 
solved in the plasma, in a few cases contained in special corpuscles. In 
other worms hemoglobin is replaced by chlorocruorin, in others still 
by hemerythrin. 

‘The following is a list of the different worms arranged in their several classes 
in which these different pigments have been described :— 

A. H2MOGLOBIN. 


Chetopoda* Lumbricus. Limnodrilus. 
Eunice. Lumbriculus. 
Cirrhatulus. Nais. * 


Nereis. Chatogaster. 





1 Schiifer, Proc. Roy. Soc. xxiv. 370. 

1 See Lankester, Zool. Anteiger, 1888, p. 416. 

3 W. H. Howell, Studies from the Biol. Lab. Johns Hopkins Univ, Baltimore, iii, 284. 

4 MacMunn, Quart. J. Microscopical Science, October 1885. Charts of the absorption 
spectra of echinochrome will be found with this paper. 

5 The observations concerning the presence of hemoglobin in chestopods are all by 
Lankester (Journ. of Anat, and Physiol. 1868, vol. ii. p.114; Pfliiger’s Archiv, iv. (1871), 
P-815; Proc. Roy. Soc. xxi, 71). 
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Krukenberg! has also noted the blackening of the blood of insects whe 
shed. He applies the term melanosis to the process. He found it to occ 
only in the blood of the lepidoptera (butterflies and moths), but also in t 
certain coleoptera (beetles). Though he observed also the green colour 
blood in certain chrysales, he does not seem to have recognised that 
chlorophyll. 





1 Krakenberg, ‘ Ueber die Hydrophilus lymphe, &c.’ Verhandl. d.nat.-medic. | 
2u Heidelberg, N.F. vol. iii. Heft 1; and ‘Zur Kentniss der Serumfarbstoffe,’ Sit 
berichte der Jenaischen Gesell. f. Medicin, 1885. 
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Similar tables might be quoted of analyses of the lymph from other 
animals ; the chief points, however, are all sufficiently shown by the 
example given.' 

The next table illustrates the point already mentioned as to the 
greater quantity of urea in lymph as compared with the blood (Wurtz*). 


| Percentage of Urea 
Animal 








| “Blood | Lymph | chyle 

Nog se ae SS 0-009 0-016 =- 

Cow ww. | 80ND 0019 0019 
Horse. 5 7 ee — 0012 pe 
ct rr = 0-021 0-019 


Observations have been made in dropsical fluids which show that 
the relation between the amount of serum-albumin and serum-globulin 
is very constant in the same person or animal, and is the same approxi- 
mately in the blood-serum and in the effused fluids, though the total 
amount of proteids is much less in the effusions than in the serum. 


If a=percentage of albumin 
and b=percentage of globulin, 


Then 4 is called the proteid quotient. 


The proteid quotient is also equal in the same animal in the serum, 
lymph, and chyle. Salvioli? has shown this to be the case in dogs. 
This is a somewhat important point ; it shows that there is no difference 
in the rate of diffusion of the two proteids in the living animal, for 
Gottwalt! found that globulin diffuses more slowly than albumin through 
dead animal membranes. (Compare p. 15) 


CHYLE 


Chyle is the name given to the fluid contents of the intestinal lym- 
phaties or lacteals during digestion. It may be briefly described as 
lymph plus certain materials (especially fat) which have passed into 
these vessels from the intestines. 

Microscopic examination shows that chyle 
puscles and fat globules in a minute state of subd 


tains lymph cor- 
ion. 





1 These tubles will be found in Hoppe-Seyler’s Physiol. Chemie, pp. 592-8. 

2 Wurtz, Comptes rendus, July 1859. I tuke the table from Gamgee's Pleysiol. Chem 
p22. 

5 Gulvioli, Du Bois Reymond’s Archiv f. Physiol. 1481, p. 269. 

4 Zeit. physiol. Chem. iv. 428. 








@, Gaz. méd. de Paris, 1876, p. 123, Quincke, 
I, Chemie, xiti, 208, 

1885, p. 1089. 

Another case ix recorded by Maguire, Brit, Med, 


_ lll 
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oteids, urea, and the salts common to urine and blood. Its quantity 
ries between one and two pints. In some cases it is abnormally 
nall in quantity, in others (hydramnion) abnormally large. 

‘A comparison of normal amniotic fluid with that of hydramnion 
as been made by Prochownik, who gives the following numbers :— 


‘ ‘Parts per 1000 | Amntotie Faia Finid of Hydramnion 





1 

|Water 5 wt | 9843 981-4 
' Solide my al 15-7 18°6 
Proteids ai 19 ! 52 
\ Extractives “| B1 17 
‘Salts . . . | 59 56 





In hydramnion the proteids are thus more abundant than normal. 
Scherer! and Weyl? found mucin in amniotic fluid. 


CEREBRO-SPINAL FLUID 


This is the name given to the fluid which is present in the cerebro- 
ginal cavity, that is, the ventricles of the brain, and the central canal 
dt the spinal cord ; the same fluid is also present outside the spinal 
ard in the subarachnoid and subdural cavities ; the communication 
between the fluid outside and inside the central nervous system is by 
ueans of the foramen of Majendie, a hole which perforates the piece of 
Pa mater which forms part of the roof of the fourth ventricle. 

By some previous observers the cerebro-spinal fluid has been 
Marded simply as an exudation from the blood, and has been classified 
With the fluids which occur in serous cavities. This is, however, in- 
correct, because :— 

1. The arachnoid membrane is neither from the point of view of 
eubryology or structure a serous membrane. 

2. The fluid is not a mere lymph moistening the parts already 
emerated, but is normally present in sufficient quantity to exercise 
‘considerable amount of pressure. 

3. Chemical investigation of the fluid itself shows that it is very 
diferent from the fluids contained in serous membranes, and thus sup- 
Pert is lent to the idea originally propounded by C. Schmidt, that the 
fhid should be classified rather with secretions than with transuda- 
‘Hons, 


The normal cerebro-spinal fluid is obtained in cases of fracture of 


1 Scherer, Zeit. f. wiss. Zool. i. 89. 
* Weyl, Arch. f. Anat. u. Physiol. 1876, p. 548. 
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__ The loss is due to the fact that all the: 


Tf we compare the air at the entrance of th 
{the mouth and nose) with that in the air cells 
‘by eatheterisation, it will be found that whereas 


outwards from the air vesicles. In hibernating 

of gases takes place solely in this way, but 

‘movements aid diffusion, atmospheric air being 

Jarger air-passages, and draughts created so that 
accelerated, 


gases is 
Guantity of Gasss ‘abpiredl 

Residual air is that which remains in 
complete expiration. Tt is equal to 100- 
1600 ¢.c.), 
Reserve or supplemental air is the 0 
forcibly expelled, after a normal expiratory 
THM abio rmshes (1200-1800 ois.)- 







‘Wet i.; xvi. p. 508) dne to experimental errors. Seegen 
bes, Abth, fi, 18755 Bilge Sieh, as 
‘confirmed . 


apparatus, 
Pplagers Arch, xxvi. 218, anul Reinet, Compt, 
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Surrounding temperature.—The temperature of cold-blooded animals rises 
and falls with that of the atmosphere, and the amount of chemical, including 
respiratory, activity varies similarly. Moleschott states that a frog at 39° CU. 
excretes three times as much carbonic acid as when the temperature was 6° C. 

In warm-blooded animals, however, the body temperature remains constant 
amid the variations of that of the surrounding air. As the atmospheric tempera- 
ture diminishes, the processes of oxidation within the body are necessarily increased ; 
this is brought about by a reflex nervous mechanism; the increase of chemical 

produces an increased amount of heat, 80 as to keep the body tempera- 
ture up to the normal level. The reverse processes obtain when the atmospheric 
temperature increases (Lavoisier,' Sanders-Eyn,? Vierordt,’ Colasanti, Theodor,* 
Voit,* Page’). 

The following is the mean result of 21 experiments by Colasanti on guinea- 
pige:— 





At the Mean Temperature of 
For 1 kilogram Body Weight per Hour 





36°C, | 262° | 

1 Oxygen absorbed =... .. 18565 cc. 11185 ec, | 
Carbonic acid excreted. ¥ + 15548, 10574 oy i} 

5 jent £02 excreted 1 ' j 
Respiratory quotient “720s. O#3 om, | 





Page experimenting on dogs found that there is a temperature of the surround- 
ing medium at which the carbonic acid is at a minimum (about 25° C.); below 
this temperature the quantity of carbonic acid discharged increases as the 
temperature falls; above this the discharge also increases, and at abnormally 
high temperatures (40°-42°) the increase may be very rapid. 

Fever.—In fever the body temperature is raised, and this brings with it, as in 
cold-blooded animals, an increase of chemical activity. In Page's experiments 
with the high temperatures just mentioned, the body temperature of the animal, 
as well as that of the air, was raised. 

The following were the results obtained by Pfliger and Colasanti in guinea- 
Fige:— 








Te nk! | Oxygen Absorbed —Carlionle Acid Expired Reap. Quotient 
+ aT1ec. 092 

| ses | 0°83 

| a9-7° 1 





! 0-96 


Liebermeister* has made similar observations in cases of typhoid and inter- 
nittent fever in human beings. It will be sufficient to quote one example; this 
shows how, in the quickly succeeding phases of an attack of ague, the output of 
aarbonic acid and the production of heat ran parallel. 





1 Oeuores, vol. ii. p. 688, 2 Ber. d. aiichs, Akad. a. Wiss, 1867, p. 58. 
3 Physiol. des Athmens, Karlsruhe, 1843. 4 Pfliger's Archiv xiv. 92, 471. 
* Zeit. Biol. xiv. 51. © Thid. p. 57. 


1 Journ. Physiol. ii. 298. 
* Handbuch der Path. u. Therap. d. Fiebers, Leipzig, 1975, pp. 327-840. 
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( ‘ 1 
Hood fr Gases of Vi od from 
‘Arterial: Blood Resting Stusee “active Mune 
Oo, N;, co, | Oo, co, o, N, CO, 
11606 12 2926 | 374 38-42 j; bah 12 4052 
1.1733 16 2454 | 750 14 3L6 126 0-92 34-88 





If the expired air be analysed instead of the blood gases, analogous results are 
obtained. The following example is taken also from Sczelkow's work. Rabbits 
were the animals employed :— 


C.C, in One Minute 








Daring Respiratory Quotient: 
CO, Explret ©, Absorbed 

I. Repose 2... 497 12-29 0-404 
Tetanus... 1211 113 
Il. Repose 1276 0615 
Tetanus 19:02 0-927 
TIL Repose W747 ' 0-400 
08 30360 | O-616 











The following example is from experiments on human beings 











1 On Deficient Diet On Motlerate Diet 
Discharge of : a — — = et 
During Repose DuriugWork Yo" | During Work 
CO,. . . . . . . 695 grms.perdiem 1187 930 | 1184 
7 ee ay a7 967 | 142 | 
Urea... ot Se 2% B72 | B73 
| Intake of O, . - » 1042 867, 1006 








Experiments on man by Vierordt, Speck, and Pettenkoferand Voit, and on horses 
by F. Smith,' all gave the same result. In curare poisoning, where the muscles are 
inactive, there is much diminished respiratory exchange of gases (Zuntz)2 

‘The increase of the gasvons exchanges doring forcible respiration is partly 
explicable by the increase of muscular work. 

Increased work of the involuntary muscles also produces the same result, 
The stomach and intestinal tract have been investigated in this direction (v. 
Mering and Zuntz,? A. Loewy*). Loewy’s experiments were carried out both on 
rabbits and men ; when the uctivity of the intestinal tract is increased by saline 
purges, there is a rise in the respiratory gaseous exchanges. No doubt this 
increased metabolism is due to the activity Loth of the muscular tissue and the 
glands of the intestine, but probably the former is the more important factor 
concerned. This subject is of practical interest, as, therapeutically, the cures of 
Carlsbad, Marienbad, &c., consist in increasing the activity of the alimentary 
canal by means of saline purgatives. 








1 Journ. of Physiol.xi.63. Zuntz and Lehmann (Zeitach. f.wiss. handwirthach. 1880 
Journ. of Physiol. xi, 396) have also made similar experiments with horses. 

3 Pflager’s Archiv, 

3 Ibid. xv. 684; xxxi 

















but not to the vacuum of an air pump. Hopp 
reduction by means of indigo-white is not t 


According to Bunsen * the absorption-coeflicient 
0-041 ; for nitrogen 0-0203 (0° C., 760 mm, J 


to absorb from the air 0°86 vols, per cent. of xyé 


that of water, and this is smaller still at the tem 
(37° C.) than at 0° C., the temperature for which 


feces tameheaarferrga fc 
The blood-plasina and blood-serum © n 
‘In dog’s serum Piliiger ® found 0-26 vols, per o 
per cent. of carbonic acid, and 2-24 vols. per 
The carbonic acid in the blood is in great pa 


+ Pplliger’s Archiv, xii. 4% * Bull. 

* Comptes rend, Soc. biol. (2) v, 804, 478. 4 Pi 

* Bunsen defined the coefficient of absorption tu 
da te Ei a ‘barometric pressure) 
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stroke is given to it immediately before {t enters, and immodiately after It has 
left the lang; the aystole of the left ventricle assisting in the liberation of the 
oxygen; of the right ventricle in the liberation of the carbonic acid. That « 
blow has very considerable power in assisting the liberation of gases can be 
readily demonstrated with an ordinary hypodermic syringe; if the piston be 
pulled up, and water allowed to rush into the vacuum #0 formed, babbles of gas 
will come off from the water ; bat if the handle of the piston first receives m sbarp 
blow froma mallet, the gas bubbles will come off so mpidly that the water frotlis. 

Althongh physiologists cannot but treat with the greatest respect the conel 
sions arrived at by so eminent a physicist as Fleisch! yon Marxow, it must te 
admitted that there are many difficulties io the way of folly accepting bls 
in fts entirety. These difficulties are chielly the two following >— 

(1) In «mall mammals the stroke of the heart cannot be pearly #0. - 
in large mammals ; but still the same respiratory exchanges go on, = 

(2) In cold-blooded animals there ix only one ventricle, and the blood 
obly & single blow; but, nevertheless, on its way from the heart beck to 
again it undergoes two gaseous exchanges, first in the lungs or gills, seoomdly fn 
tho tissues, 5 

In spite of these obvious objections, which show that ¥, Marxow is fnelined to 

















20 60 we 


Feo. h, 


exaggerate the importance of the heart beat, it is, however, quite possible that in 
the warm-blooded animals, where the guseous exchanges are more extensive than 
in the eolil-blouded animals, the force of the blow giver tothe blood by the 
heart may exercise some waxilinry impalse in the liberation of the blood gasen. 
Another attempt to elucidate the perplexing questions fnvolved in the 
respiratory exchange of gases has been recently made by Christian Bohr, We 
have already seen that some of the carbonic acid is contained im the red corpascles, 
and Bohr considers that it is in sctual combination with the kmogiobiny he 
considers that this elon Is like oxyhxnoglobin—a dissciable ome—and that dis 
sociation takes place in the pulmonary alveoll. If this is really the case, hiemo- 
globlo appears to be not only an oxygen carrier but also a carboole meld cartier, 
We bave, of course, in addition to this, the carbonic acid dissolved in the plana, 
in tho farm of carbonates and bicarbonates. Mobr’s theory of the combination 
whieh oocars in the red corpuscles appears to me so important and fall of interest 
that [propose hore to give a brief résumé of his paper !>— 


Ho 















} Lodwig's Festechrift, 1887, p. 104, 
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Setachenow,' and Ister Zuntz,’ stated that a solution of hmmoglobin at the 
atmospheric pressure absorbs more carbonic acid than the same volume of water. 
Bohe's cesenreh was devoted to studying this subject more fully, and to ascertain- 
ing the rolation between the tension of the carbonic acid and the amovnt 
alworbed per gramme of Iuemoglobin, A special absorptiometric method employed 
was described by him in an carlier paper’ Pure solutions of crystalline hiemo- 
globin from the dog, and pure carbonic acid, were employed ; these were brought 





20 C7 700 TD a0 


Pia. T. 


Js contact with one another, the gas being at a known pressure, and the tempera- 
tine Kept constant throughout. ‘The amount of gas absorbed was afterwards 
Of atid estimnuted. Some preliminary experiments wore made with water; 
the reanlt of one of these, in which 41 grammes of water were used, may be repro- 
sented graphically us in fig. 66. The line which indicates she increase of absorp- 
tien Is constracted from ordinates representing the amount of absorbed gas in 
gmnmes, the abscissa: the pressure of the gas in mm. of mercury, As is seen, the 
result if m straight Tine, the weight of gas absorbed being proportional to its 
tension (Dalten-Henry law). 
Experiments were then made with hamoglobin solutions ; the following table 
represents a portion of one of these :— 
T 








| ae. tu} Totat quantity of 








Abeabsorbetby sorbed fer | Temperature 
| pee eeeny CO.mtworbed | pn equal quantity of mame of 3 
| eee Haxmogiobin | 





oO 5 182° C | 
ibst 27 | 184° 
We2 0666 18-4? 
IBo4 OBst 184° 
207 41966 1095 184° 

| is4? 


Shas #3548 1455 | 





The quantity of carbonic acid absorbed by hmmoglobin is thas fmmensely 
Pater than that explicable on simply physical grounds. The curves in fig, 67 





! Mim, de Pacad. de 81, Péerabourg, vol. xxvi. 1879. 

* Hennann's Handbuch, vol. iv, % p. 76. 

* Bole, Beper, Unterswch, i. d. Sauerstoffsaufnahme des Blutfarbatoffe, Ki 
185. 
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The following table represents the composition of the gaseous contents of 
various pathological transudations :— 





Carbonic Acid 











‘Oxygen | ‘ Nie Observer 
IRemovabie! Removable 
tm eacuo | by Ack 











2107 _ Planer! 


Peritoneal... - ane 9-404, 4-866! 
1205 * Strassburg? 


Hydrocele . 3249 | 8245 

















“Subcutaneous edems jtraces: 2225 | “wil |traces| Ewald® 
fl 
| tease of nepbritisy! , | 2188 | ariz | 5306 | x - 
Pleuritic. . . . | 068 39°34 15°59 5493 133 ” 
nm (case ‘of! 
phthisis) | 0-54 18-54 25-99 1 44-53 1:87 ” 
” cee of 18°64 4116 5YxO mt ” 
oe oe 2] O17 2647 4682 | 72-29 ine O4 ” 
Hydrothorax . . .| 0-29 2534 48°67 | 7401 ' O87 ” 
nis j aren, eat ” 


» . j 101 25°71 55°50 








Ewald also by the use of Pfliiger’s aérotonometer estimated the tension of 
carbonic acid in four of these fluids; his results were respectively 7°51, 10°92, 
1073, and 11°5 per cent. of an atmosphere. Thus not only the quantity but also 
the tension of this gas is greater in these transudations than in venous blood. 

‘The gases of pus have also been analysed by Ewald ; the following table gives 
a summary of his results :— 





Carbonic Acid 
Nature of Pus —_—- | oxygen Nitrogen 
“Removable Removab’e rosa) 
Se voree, ey Aah 


1017 1-68 | TLRS 14 





Empyema, 28 days standing 
ar POL” ap 1573 | 277 | 18:50 traces 
Bs ar, tape ha 1£-76 t | 146 < 
md ae cae Be ads | oO | 2146 29 "O77 
Abscess, 21 5, 805 00 8-05 1:35 0-43 
ee aa oA 0 oe 793 | 00 792 esa 





The amount of carbonic acid present increases with the age of the exudation ; 
the more nearly the purulent exudation approaches pure pus in its characters the 
amaller is the total carbonic acid, and especially the more firmly combined 
carbonic acid; indeed, pure pus contains only loosely-combined carbonic acid. 
It is very probable that the pus corpuscles, in common with the blood corpuscles, 
possess the power of decomposing sodium carbonate (Na,CO,) and driving off 
carbonic acid from it. 





1 Zeit. d, Gesell. d. Aerate in Wien, 1859. 1 Pflager’s Archiv, vi. 94. 
3 Archiv far Anat. u. Physiol. 1878, p. 668; 1876, Hett iii 
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It is very neceseary to note the temperature of the air or water when making 
observations on cold-blooded animals, since the temperature of the animal's body, 
and therefore its chemical activity, rises and falls with that of the surrounding 
medinm. 

The following example from Jolyet and Regnard mi 
tration :— 





be given in illus 








Oxygen in c.c. absorbed. 





Tem ture of Reay 
sina Waar | rrhredioot | Mea” | 
Cyprinus auratus . . 2° 148 089 
The same animal . . . 10° 37:8 0-96 


” ” woe 30° 78 O75 





The death of fishes when placed in the air appears to be due, not to the 
drying of the gills, but to the large excess and high partial pressure of oxygen. 











alternate striping of @ muscular fibre prod cod 
optical effect ; an oil globule examined in 
with a halo of light ; a row of such ’ 
on each side of it; so the cross strands o 
equal thickness, but have minute thick 


ahah mcrae kee meet 

appears bright in comparison, ‘This is the ex; 

Ge tela yrsbent ass aah 
of muscular structure and co 


adil = 
into the general category of cella, and shows 
| that vary with the focus of the 
of the muscle may all be explained easily on tl 
fibrillar network has different optical prop 


possible to say whether the changes that 
UD a et Ded eee 


that anything in the nature of a 
the interior of the fibre ; the nematoid 
interior of a fibre had no difficulty in pro 
eee LADY: te feed Ot Fe 
contractile 


tractile ya-t, a merely ‘material. 
[1890] 405) comes into the same category as Rollett's, 





MUSCLE 405 


produce double refraction (Briicke's disdiaclasts) are differently 
arranged, so that the light passes through their principal axis, and is 
thus singly refracted. This seems improbable, however, as there is no 
double refraction in whatever direction the fibres are viewed. 


CHEMICAL COMPOSITION, OF MUSCLE 


A muscle may be considered-as composed of two parts, the support- 
ing connective tissue often containing fat in small quantities, and the 
mucular fibres themselves, ench of which again consists of two parts, 
the sarcolemma and the contractile substance which it encloses. 

The connective tissue of muscle resembles connective tissue else- 
vhere ; the, gelatin and fat obtained in analyses of muscles are derived 
from this tissue, The sarcolemma is a substance which resembles 
elastin very closely in its solubilities.! 

The contractile substance is during life of semi-liquid consistency, 
and contains a large percentage of proteids and smaller quantities of 
various extractives and inorganic. salts. By the use of a press, this 
mbstance can be squeezed out of perfectly fresh muscles, and it is then 
alled the muscle-plasma. After death muscle-plasma like blood- 
plasma coagulates (thus causing the stiffening known as rigor mortix). 
The solid clot corresponding to the fibrin of blood-plasma is called 
myosin, and the liquid residue is called the muscle-serum. 

Living muscle has in the resting condition an alkaline reaction ; 
after extreme activity, and after death, the reaction becomes acid ; 
this is due to the formation of sarco-lactic acil. There are other 
changes that occur on contraction and on death of muscle, but the 
details will be considered later. 

In round numbers, muscle consists of — 

75 per cent. water. 21 per cent. proteids and albuminoids. 
2% 4, solids. 4 ,, fat, extractives, and salts, 


The following tables give more accurate data concerning the com- 
Position of muscle :— 
The percentage of water varies somewhat in different animals ; — ? 


Man 72-74 per cent. Birds . . . 70-76 percent. 
Ox 77 " Amphibians. . 76-80 ,, 
Pig 78 a Fishes... 79-82, 
Cat 75 4 Crab . .. 85 2 
Fox 74 5 Pecten (a mollusc) 79-80 ,, 





1 Recent experiments on the solubilities of elastin, sarcolemma, and basement mem- 
‘anes have been made by Ewald (Zeit, Biol. xxvi. 1). 
, Chemie der Gewebe, Leipsig u. Heidelberg, 1856, p. 169; Gorup- 
Seeaaen Tab: 1878, p. 676; Hoppe-Seyler, Physiol. Chemie, p. 686, 
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In young animals the percentage of water is greater in the muscles 
than in those which are fully grown ; general inanition also incresss 
the amount of water in the muscles. 


Human muscle (Pectoralis major) gave the following avenge 
results :-— 


Water . . . ~ 735 
Solids . Ue + 265 


Proteids, including sarcolemma, proteids of connective 


tissue, vessels, and pigments . . . . Ss. 1802 
Har" |from the connective tissue of muscle. . | lyr 
Extractives, creatine, lactic acid, slyergee, de. 08 
Tuorganic salts... 2 oe HB 


Chittenden! made a similar analysis of the plain muscalar fore 
of Pecten irradians ; he found— 


Water. . . .  « 79°60 to 80-25 
Solids . . . . + 20-40 ,, 19-75 
Proteids . . . . 15°68 ,, 15-04 
Glycogen «we 43, 198 
Glycocine z oi » O71 ,, 039 
Ethereal extractives. - 033 ,, O24 
Inorganic salts. . » 1:26 1:22 


The proteids of muscle will be dealt with in the succeeding sections 
relating to muscle-plasma, and the phenomena of riyor mortis ; subse 
quent sections will deal with the pigments, the extractives, the ino 
ganic salts, and the gases of muscle. 


The Muscle-plasma and the Muscle-seram 


Kiihne? was the first to obtain muscle-plasma and to study itt 
reactions ; he used frog’s muscle. A stream of 0°5 per cent. st 
solution injected through the aorta washed out the blood from tt 
inuscles ; these were then removed, cut into small pieces, kneaded with 
salt solution at 0° C.'(to rid them of lymph), frozen, sliced with oud 
knives, pounded in ‘cooled mortars, and then subjected to stro 
pressure at the atmospheric temperature. The muscle thaws at 0°C. 
and the liquid pressed out has therefore this temperature ; this 
filtered and the filtrate is muscle-plasma. It has a syrupy consisten}: 

1 Ann. Chem. Pharm. elxxviii. 266. 


¥ Kiilme, Lehrbuch der physiol. Chemie, p. 272; Untersuchungen aber das Pre 
plasma, Leipzig, 1864, 
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“By treating ethene cyan-aléohol in the same way, ethene lactic acid is 
ed. 


OH OH 
cH, cn, { OH + 2H,0=NH,+CH, on, { O60H 
[ethene cyan-alcohol) [ethene Inctic acid] 
Later on,! Dr. Latham says :— 
“There is another way in which the molecules may split up, which is interest« 


ing, as it appears to explain the formation of lactic acid and carbonic anhydride 
when a muscle contracts or dies. 


“If the molecule cu,{ OH were hydrated forming cH, {OH 
cNOH ‘ cnow 
oH, {NC cx, { Coo, 


and the portion CNOH then detached, the latter would be at once decomposed 
into CO, and NH,, and we should have lactic acid left. This is shown in the 
following formula :— 


on cH,-OH 
CH NOH #210~ coon TOOTH 
CH, { CN Ticaseaay 
molecules of the 
lowest term of the 
series) 


‘The ammonia (NH,) would not be set free, but would unite with some other 
cyan-alcohol higher in the series to form a cyanamide.’ 

In connection with the presence of lactic acid in muscle after death, 
Catherine Schipiloff* has formed an ingenious theory of rigor mortis. She finds 
that myosin can be precipitated from its saline solutions by weak acids without 
change, and is soluble in excess ; the same occurs in the body; by injecting small 
quantities of lactic or hydrochloric acids (0°1 to 0°25 per cent.) into the vessels of 
a recently killed frog, the muscles become rigid; this passes off by injecting 
stronger acid 0°3 to 0'5 per cent. If such stronger acids be injected in the first 
instance, no rigor, or rigor which is only momentary, occurs. After rigor, muscle 
contains more acid than either during rigor or before it sets in. The conclusion 
is therefore drawn that rigor is due to the post-mortem development of acid, and 
its passing off is due to the development of more acid, which redissolves the 
Precipitated myosin. 

If one, however, examines the reasoning which results in the above conclusion 
the premisses will be found not to bear it out! Because myosin can be preci 
tated and redissolved by acid when in solution, or after death in the muscles, it 
does not necessarily follow that this is the cause of rigor in the normal course of 
things, even if the amount of lactic acid is increased after rigor ; for the increase 
in lactic acid may not only be the cause of rigor, it may also be the result, or 
merely a concomitant of the coagulation of muscle. I myself believe it to be a 
concomitant merely of the conversion of myosinogen into myosin, and that both 
are due to the same cause-—a ferment action. Moreover, the theory of C. Schipi- 
loft seems to involve that lactic acid is formed from something other than pro- 
telds, presumably glycogen. In addition to this no syntonin is discoverable in 
rigid muscle, 













1 Loe. cit. 684, 
2 Centralblatt f. d. Med. Wissensch. 1889, p. 291. 
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This may be represented in a tabular form as follows :— 


Proteid precipitated by heat at 47°C. Proteids which 
Proteids of| » re ; 56° «| 8° to form the 


the muscle- muscle-clot, 
” » 63° 

Pec oS eee of the 
» » 
» not 4 » albumose muscle-serum. 


No substance of the nature of alkali-albumin or muscle-casein is 
present. Peptones are also absent.' 

The next table gives the names applied to these various proteids, 
and the influence of neutral salts upon them in causing precipitation. 





Saturation with sodium chloride or 


" proteld precipitated by beat at Name | 








: jum sulphate 
47°C. Paramyosinogen * | causes precipitation 
66° Myosinogen causes precipitation } Globulins 
| 63° Myoglobulin causes precipitation 
| 73° Albumin does not cause precipitation 
Proteid not precipitated | Myoalbumose does not cause precipitation 
by heat 





The following is a scheme for the separation of these proteids from 
one another :— 
Satrep Muscie-pLasma.—Dilute to six times its volume, and 


expose this to a temperature of 35°C. for one or two hours. It 
pose pe 
separates into clot, and salted muscle-serum. Filter. 
1 * 





i ! 
Clot : consists of myosin. Wash Salted muscle-serum : contains 


with water, redissolve in 5 per 
cent. magnesium sulphate solution. 
Heat to 47° ; a precipitate is pro- 
duced. Filter. 
piace 
Precipitate: con- Filtrate:\ con- 
tistsof paramyo- tains myosino- 
sinogen gen, which is 
precipitated at 
56°C. 


myoglobulin, albumin, and myo- 
albumose. Saturate with magne- 
sium sulphate or sodium chloride ; 
a precipitate is produced. Filter. 
i 
Precipitate: con- Filtrate': con- 
sists of myoglo- tains albumin 
bulin and myoalbu- 
mose. Heat to 
73° ; @ precipi- 
tate is pro- 
duced. Filter. 
1 


i) 1 
Precipitate : con- Filtrate: contains 


sists of albumin 


myoalbumose 


1 Fischel (Zeit. physiol. Chem. x. 14) and M. Muira (Virchow's Archiv, ci. 
316) have described peptone in muscle; perhaps they have mistaken the albumose for 


Peptone. 


* Tormed musculin by Hammarsten, Fysiologisk Kemi. Upsale, 1889, p. 218, 
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‘We have thus seen that there is a certain amount of knowledge regarding the 
changes in the proteids that occur when muscle dies; but whether any changes 
take place in the proteids during muscular contraction is quite unknown. 





The Pigments of Muscles 


Hemoglobin.—This is contained in the wusele-plasma of the red 
muscles of rodents and other animals. Kiihne showed that hemin- 
crystals can be obtained from it, The pale muscles also often contain 
small quantities of hemoglobin. 

In certain gastropod molluscs (Linmeus, Paludina) haemoglobin is 
absent from the blood, but is present in the muscular fibres of the 
pharyngeal wall (Lankester). 

When coagulation of the muscle-plasma takes place, the hemo- 
globin plays no part in the formation of the muscle-clot, but passes 
into the muscle-serum. ‘ 

Myohematin.—This is one of the most important of a group of pig- 
ments discovered by MacMunn, and named by him the histohwmatins.' 
These pigments have a wide distribution in the animal kingdom, and 
often oceur in those animals which possess no hemoglobin. They have 
not, however, been separated in a pure condition, but have only been 
observed by means of the spectroscope. In so far as conclusions can be 
drawn from spectroscopic observutions, these substances appear to exist 
in two conditions analogous to those of humoglobin and oxyhemoglobin; 
that is to say, by means of reducing agents and oxidising agents, different 
spectroscopic appearances are produced ; in the reduced condition they 
show well-marked bands, and in the oxygenated condition the bands 
are faint or fade altogether from view. ‘Munn considers that these 
pigments are respiratory pigments, holding the oxygen brought to the 
tissue by the blood until it is required by the tissue. The spectrum of 
these substances is somewhat like that of hwmochromogen.? 

Myohematin, the most widespread of the histohwmatins, occurs in 
the muscles of insects, spiders, crustaceans, molluscs, fishes, amphibians, 
reptiles, birds, and mammals ; in man it has been found in the heart and 
in the voluntary muscles. The heart-muscles of the pigeon contain the 
pigment in great abundance, there being little or no hwmoglobin present. 
Ifa portion of such « muscle be rendered transparent by glycerine, and 
then by means of a compressorium it be squeezed out to a great degree 
of thinness, the bands are realily visible (x-+ fig. 70). The bands are 
four in number. 

1 MacMunn, ‘Myohematin and the Histoluwematins,’ Phil. Trans. of Royal Society, 


Part I. 1886; Journ. of Physiol 
3 Hoppe-Seyler (Zeit. physiol. Chem. 














i.) believes myohsematin is hmmochromogen. 
EE 


ee me | 
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By artificial gastric digestion the bands are altered, and this consti- 
tutes what MacMunn calls moclified myolwmatin. Modified myo- 
tuematin can be obtained in solution by covering the blood-free mmscles 


Pin, 10. spect harman. Tint Yao. 4413-000; 

\ beet thatked foaythy bal, at sey 
ove: the b fina. % Abaarption speatrams sf moll upolamatin, est tah SSeS-SeeBt 
sercul Deamal, © 2H BED, 


with ether for some days. A yellow lipochrome derived from the fat 
between the mdscular fibres! passes into solution, and below this floats 

a red juice which shows the two bands of modified myolwematin (fig. 70, 
spectrum 2); these resemble those of hwmochromogen, but are placed — 
rather nearer the violet, 


The Extractives of Muscle 


The extractives of muscle may be divided into two seta: — 








A. Nitregenon { B, Yon-nitrogenons 
Fats 
Glycogen 
Xanthine | Tnosite 
Hypoxanthine / Fermentable sugar 
Carnine Lactic acids 
Uric acid 
Urea 
Taurine 


Inosinic acid 
The method of preparation and chief properties of each of these 
substances will now be taken up eriatine 
Creatine.—If an aqueous infusion of meat be made, and the proteids 


+ Halliburton, Journ. of Physio. vil. 885, 


420 THE TISSUES AND ORGANS OF THE BODY 













mineral acids, or for several days with water, it loses a molecule of 
and creatinine is formed :— 
CR HOMES 

A similar change occurring in the body no doubt gives rise to 
creatinine occurring in the urine. 

(8) Conversion into sarcosine and urea.—Creatine seems to 
urea in muscular tissue ;! the theory that it is a stage in the f 
of urea has been advanced because it can be made to yield urea in 
laboratory ; its molecule, in fact, contains the cyanamide 
(CN.NH,), which plus a molecule of water is equal to urea (CON, 
(See further under Urine.) 

When creatine is boiled with baryta water, the following eq 
represents the change that occurs :— 

C\HN 01+ H,0=CON H, + OsH;NO, 


Cereutinel (urea) [xarvosine] 





Synthesis of creatine.—Creatine has been made synthetically, 
the following, which is the method adopted, will show what is the 
stitution of its molecule. 

When methylamine and monochloracetic ucid are brought t 
the following reaction oceurs :--- 

CH;,  CH,Cl_ CH,N(CH,)H 
H N+ = +HCl 
Ho: CO.OH 


[methylamine) 








That is to say, sarcosine and hydrochloric acid are formed. Sarvs! 

is also called methylglycocine, i.e. glycocine (amido-acetic acid) it 

which one H is replaced by methyl (CH). On heating sarcoste: 

and cyanamide together, creatine is formed according to the following 
equation :— 

C; 

(ta 

Quantity of creatine in muscles.—According to Voit? the quantity 

of creatine is fairly constant in the voluntary muscles ; the quantity 

is found to vary from 0-2 to 0°3 per cent. in different animals Ths 

quantity increases during starvation (Demant‘). Cardiac mox® 






NO, + CN.NH,=C,H,N,0, 


wine] [eyanamide) ——“[erentine] 





' Creatine is also found sparingly in nervous tissue. 

2 Creatine is thus methyl-guanidine-acetic acid (Baumann, Ann. Chem Phe 
clxvii. 7). 

3 Zeit. f. Biologie, iv. 77. Subsequent analyses by Neubauer, Hofmann, Ct 
and many others have confirmed Voit’s analyses. For references see Hoppe Ser 
Physiol. Chem. p. 643. 4 Zeit. physiol. Chem. iii, $87. 
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contains less creatine than the voluntary muscles (Voit) ; the same 18 
true for unstriated muscle (Lehmann). 

Creatinine.—Small quantities of this base are found in muscle ;? it 
is also a constituent of urine. The strongly alkaline reaction of crea- 
tinine is said by Salkowski in a recent article to be greatly due to 
adherent alkaline salts. The compound of creatinine with zinc chloride 
(C,H,N,0),ZnCl, has a characteristic crystalline form, and is used as a 
test for this substance. The statements made as to the relative quantities 
of creatine and creatinine during the rest and activity of muscle are 
contradictory ; Voit‘ states that creatine is diminished during activity ; 
Sarokin* that creatinine increases during tetanus; and Nawrocki® 
contradicts these statements. The more recent observations by Monari? 
however confirm the original statement of Sarokin; on fatigue of 
muscle, creatinine is produced from the creatine, together with a small 
quantity of another substance called xanthocreatinine CsH NO. 

Hypoxanthine, Xanthine, and Uric Acid are found in muscles in 
small quantities. 

The formule of these three substances denote their close relation- 
ship to one another. 





Hypoxanthine or Sarcine . =... CsH,N,O 
Xanthine 2...) .. CSH,N,O, 
Uricacid 2 2... (CHO, 

The last-mentioned substance, uric acid, occurs only in the merest traces 


(Meissner *). With regard to xanthine* and hypoxanthine," the following is a 
summary of the chief facts concerning them 





Preparation —The mother liquor, from which creatine hax been separated, 
is precipitated with ammonia and silver nitrate: the precipitate is dissolved 
in nitric acid of specific gravity 1-1. The liquid is cooled and a compound 
of hypoxanthine and silver nitrate crystallises out. The mother liquor (a) is 
preserved. The silver is removed from the crystals by sulphuretted hydrogen, 
and the nitrate of hypoxanthine treated with ammonia, and thus crystalline 
nodules of hypoxanthine are formed. A compound of xanthine and silver nitrate 
is left in solution in (a); it is precipitated: by excexs of ammonia; the silver 
is removed by sulphuretted hydrogen, and the base obtained in white amorphous 
granules by adding animonia. 











, however, denied by Neubauer and Nawrocki, 






1 Lehrbuch, iii. 78. 2 This 
s i, Zeit. physrol. Chem, xii. 211. 4 Loe. cit. 

3 Virchou's Archiv, xx © Centralblatt, 1865, p. 417. 

1 A. Monari, Gazetta, xvii. 367. 8 Zeit. f. rat. Med. xxxi. 144, 

* Found also in urinary calculi (Marcet), in guano (Unger and Phipson, Chem. Med. 
¥i 16), and in urine (Bence Jones, Quart. J. Chem. Science, xv. 74; Weiske, Zeit. f. Biol, 
ii 954). 

1 Found also in spleen (Scherer), in the blood, marrow, and secreting glands. 
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in the adult it is found chiefly in the liver, the muscles, and the white 
blood corpuscles. During life, as in the liver, the muscle glycogen 
appears to be converted into sugar, and this change may occur for a 
certain time after death. Béhm ' considers the change into sugar does 
not occur till putrefaction sets in, and Demant? has shown that the 
change may be greatly hindered ly the action of weak carbolic acid 
In estimating the amount of glycogen in muscle, the tissue should, 
however, be obtained as soon as possible after death, and immediately 
plunged into boiling water to destroy any ferment which converts 
glycogen into sugar. The glycogen may then be extracted with hot 
water (Briicke,? Nasse‘), or with dilute potash (Abeles,* Kiilz®). Ifa 
quantitative analysis is to be made, a weighed quantity of muscle must be 
taken, finely divided, and repeatedly extracted until no more glycogen 
passes into solution. In the case of muscle especially, the dilute alkali 
effects a much more thorough extraction than hot water (Kiilz). Any 
proteid that passes into solution is precipitated by potassio-mercurie 
iodide and filtered off ; the tiltrate is evaporated toa small bulk and the 
glycogen precipitated as a white powder by excess of alcohol, or it may 
be converted into sugar and then estimated polarimetrically. Glycogen 
forms an opalescent solution in water, and gives, like dextrin, a red- 
brown colour with iodine. A large number of comparative estimations 
by weighing and by the polarimeter have been made in Kiilz’s 
laboratory and found to yield very nearly equal results.? Cramer,* 
using Kiilz’s method, found 

1. The glycogen in the two lulves of the body is equal. 

2. In the heart, glycogen ix unequally distributed in the different 
regions, so differing from the liver. 

3. Different groups of muscles vary in the amount of glycogen 
they contain, but symmetrical or corresponding muscles contain the 
same amount. 

Briicke® found glycogen in the plain muscle of the stomach ; 
Chittenden '° and Bizio! found it in the plain muscles of gastropods. 

The amount of glycogen in muscle is variable ; the following are 
the chief facts relating to variations in the amount that is present :— 





1, Influence of starvation. The muscle glycogen in warm-blooded animals 








' Phliiger's Archiv, xxiv. 38. ® Zeit. physiol. Chem. tii, 200. 

+ Briicke, Sitzungaber. dl. kad. d. Winensch. Wien, Vxiii. 214, 

* Nasse, Pfliiger's Archiv, 2 Abeles, Med. Jahrbiicher, 1877, p. 551. 
© Killz, Zeit. Biol. xxii. 161. 

7 Schmelz, Zeit. Biol. xxv. 180. * Ibid. xxiv. 
° Wiener Akad. Sitzungsber. vol. \xiii. 2 Abth. 1871. 

"© Chittenden, Ann. Chem. Pharm. elxxviii. 206. 

4 Bizio, Atti dell’ Istituto Venet. di scicnze, vol. xi. (ner. 3), 1866. 
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disappears during inanition much more slowly than the liver glycogen (Weis 
Aldchof*). Luchsinger* stated that the heart-muscles are richer in gyoga 
during inanition than those of the limbs, but Aldehoff, who used Kilz’s meal 
of estimating glycogen, and therefore ubtained more correct results, was not ae 
to confirm this statement of Luchsinger. 

2, Influence of work. Muscular activity lessens the amount of glycogen int 
muscle, it being apparently transformed into sugar (Weiss, Manché,! Molin") 
This is well illustrated by the following table (Manché). 





Weight of glycogen tu 


Weight of glyeoxen in ‘opposite limb, which Loss of glycogen 

Vinnb at rest Was mate to contract per cent. ft 

from 23-65 minutes tetanise! limb 
1, 01277 gramme 0-114 gramme 1276 
2. 02287 O12 yy 1509 
3. 02267 =, OMIT 1644 


In other words, the limbs which were stimulated to contract lost from 12 
16 per cent. of their glycogen in an hour, Luchsinger considered that glyoga 
is not a direct source of energy in contracting muscle, but this is in nowt 
proved by his researches, for it ix doubtful whether he could ever have obtained 
muscles free from glycogen--as we have already seen the glycogen of made 
disappears very slowly during inanition. In frogs inanition causes a rapid di 
appearance of the liver glycogen, but that of the muscles remains practically 
unaltered (Aldehoff). 

3. Effect of removing the liver. Minkowski¢ and Laves™ stated that se 
extirpation of the liver the muscle-¢lycogen markedly diminishes ; they consider 
that the muscle-glycogen chiefly originates in the liver. C. Schmelz,* using Kilt 
method of estimating glycogen. confirms these results which were arrived at by 
Briicke’s apparently less exact method. Schmelz, however, does not consider the 
point proved that the liver is the source of the muscle-glycogen, for he finds tht 
feeding animals on cane sugar produces no marked increase of the musk 
glycogen either in normal animals or in those from which the liver bas leet 
removed. Prausnitz® also considers that the muscles have a glycogenic functia 
quite apart from that of the liver. 

4, Effect of cutting the nerve of a muscle, ‘This operation causes an inert 
























in the glycogen of the muscle (Chandclon "). ‘The following table illustrates be 
results obtained (Manehé) :— 
Operation of entcing one sciatic nerve, ! Tnerrase (per cont.) of minselegiveagen 
performed operated side as compares with the nama 
15. days before death 
ee ” 
320. ” 





No doubt the intact muscles of the healthy limb cor 
operation, and thns lose a certain 1 
on the other hand, the glycogen 





ue to contract after tht 
nount of glycogen; in the paralysed pele 
allowed to accumulate. 












1 Weiss, Sitzungad. d. k. Akad. der Wissensch. xiv, 

2 Aldehoff, Zeit. Biol. xxv. 18" 5 Luchsinger, Dissert. Zitrieh. 1813 

4 Manché, Zeit. Biol. xxv. 163. > Molinari, Chem, Centratbl. 1980, i: BS 
Minkowski, Arch. f. exp. Path. u. Pharmakol, xx 








- 199, 
1 Laves, Inaug. Dissert. Kinignberg, 1886. 
* © Schmelz, Zeit. Biol. xxv. 140, 9 Zeit. Biol. xxvi. 877. 








2 Chandelon, Pyliiger's Archie, xiii. 6: 
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5. Effect of cutting the tendon of a muscle. After tenotomy the muscle 
appears to be in such a pathological condition that glycogen accumulates in 
it, and does not undergo metabolic changes so readily as in normal muscle 
CE. Kranss).! 


6. Ligature of the artery supplying a muscle leads to a decrease of its 
glycogen, especially in those cases in which cedema follows the operation ; the 


saturation of the tissues by lymph leading probably to saccharification (Chande- 
lon, Manché). 


Dextrin.—This is an intermediate stage in the formation of sugar 
from glycogen ; it is difficult to distinguish it from glycogen ; it has 
the same empirical formula, and gives the same colour with iodine ; it, 
however, unlike glycogen, forms a clear solution with cold water. Lim- 
pricht? found it in horseflesh ; but more extended observations by 
Nasse? have shown that its amount is variable and dependent on the 
stage into which the glycogen has been transformed after death. 

Maltose.—It is Nasse chiefly who has worked at the transformation 
of glycogen into sugar. During activity and at certain stages after 
death the glycogen certainly diminishes in quantity, and it is believed 
to be changed into sugar ani, according to Nasse, partly also into 
lactic acid. Reasons have, however, been advanced on p. 409 which 
show that lactic acid is probably derived from the proteids of the 
muscle, not from its carbohydrates. From resting muscle little or no 
sugar can be obtained. According to Meissner ® the sugar which is 
formed on activity is not dextrose but maltose. 

Tnosite— This substance, which is isomeric with dextrose but is 
non-fermentable, dues not reduce copper salts, and has no action on the 
plane of polarised light, was first discovered by Scherer‘ in the heart 
of the ox, and has since been found in the voluntary muscles in small 
quantities (0-03-0-00% per cent. [Limpricht, Jacobsen]), and in un- 
striated muscles (Lehmann). Tnosite is alsy found in other animal 
tissues and in many plants. Tt crystallises in colourless monoclinic 
tables (C5H,,0,+2H,0), and when pure gives with nitrie acid and 
aalcium chloride a pink colour (are p. 100). 

Alcohol.—Smuall quantities of ethyl aleohol were found by Rajewsky* 
in the fresh muscles of the rabbit, ox, and horse. Béchamp § confirmed 
this observation. 

Lactic acid.—The question of the methad of the formation of 
lactic acid has already been discussed in connection with rigor mortis 











1B, Krauna, Virchows Archiv, exiii. 815. 1 Loe. cit. 
5 Meisner, Giittinger Nachrichten, 1461, p. 206, und 1862, p. 157. 
4 Scherer, Ann. Chem. Pharm. \xxvii. 322. For the most recent account of the 


chemical constitution of inosite sce Maquenne, Compt. rend. vol. civ. (1887), pp. 225, 
297, 1719, 1858. 


5 Piige 








rehiv, xi, 122. © Compt. rend. xxxix. No. 18. 
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Quantity of laotie acid in muscle —This is variable ; the various analyses that 
have been made give numbers varying from 0-1 to 1:0 per cent. (Jncobsen, 
Takacs, Bohm, Demant). 


Fat.—A certain quantity of fat is always present between the 
muscular fibres ; it is not possible to say whether any of the fat 
obtained from muscle comes from the muscular substance proper or 
not. 

There are two conditions, however, in which fat is undoubtedly 
present :— 

1. In the affection known as fatty degeneration, the interior of 
the sarcolemna becomes crowded with fat granules and globules ; these 
first obscure and finally obliterate the striations of the contractile 
substance. It often occurs markedly in the heart ; it may be produced 
artificially by certain poisons, especially by phosphorus. 

2, After death the muscular substance may be replaced by a waxy 
material, known as adipocere. This occurs especially in corpses buried 
in damp soil, or in bodies which remain in water some time after 
death. The length of time after death that these changes occur has 
been the subject of extended observations, especially at the Paris 
Morgue ; it is found to occur in the muscles in a detinite order, and 
the amount of adipocere present is a very good ‘gauge of the time a 
body has been dead.' Adipocere consists chiefly of the calcium soaps of 
palmitic and stearic acids, and, in some cases, of acid ammonium soaps 
also? Hoppe-Seyler® regards the change as a result of a ferment 
action. 

The formation of fat from proteids probably occurs under other 
circumstances ; for instance, fat is formed in the body on an exclu- 
sively proteid diet. 


Inorganic Constituents of Muscle 


The most noteworthy points in the inorganic constituents of muscle 
are the predominance of potassium over sodium among the bases, and 
of phosphoric acid among the acids. This appears to be a general rule 
throughout the animal kingdom. The total amount of ash is from | to 
155 per cent. 

The following analyses are by Bunge ‘:— 


1 See more fully in works on Forensic Medicine. 

? Quain, Med. Chir. Trans. 1850, 141. Virchov, Verhandl. d. phys. med. Gesellach. 
a Warsburg, vol. iii. Wetherill, Journ. f. prakt. Chem. vol. Ixviii. p. 96. K.B. Leh- 
mann, Bied. Centralbl. 1989, p. 66. 3 Physiol. Chem. p. 119. 

* Bunge, Zeit. physiol. Chem. ix. 60. Other analyses will be found in Hoppe 
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In parts per 1,000 
L. 


F I. 
KO . . . . $654 4-160 
NaO .  .  . . 0770 0-811 
CaO... 0-086 0-072 
MgO... . O42 0-381 
Fe0, . .  .  . 0057 ~ 
PO, . .. HGH 4:58 
a Ae ek, ey CTY 0-70 
AGS S&S Cabe.) fe 0-10 


The Gases of Muscle 


The subject uf the gaseous constituents of muscle is one at which 
a large amount of painstaking work has been done. The forms o 
apparatus used have been already described (p. 31), and we shall nor 
consider the principal results which have been arrived at. In dix 
cussing this subject it will be necessary to draw distinctions betwee 
active and resting muscle, and also to consider the gases of the blood 
which is entering and of that which is leaving the muscle. 

Gases of the muscle itself.—In order to extract the gases fra 
muscle (the muscle in racuo) care must be taken to avoid entanglement 
with air ; it is necessary to use a form of mercurial air-pump much lite 
those employed in extracting the gases from the bluod ; the boiling- 
tlask is perforated with platinum wires so that, if necessary, the musk 
may be excited to contract while in racuo, and the froth-chamber i 
so arranged that an acid can be made to pass when desired from it to 
the muscle (fig. 15, p. 32). 

Muscle which has been freed from blood and removed from the 
Lody, then scalded to prevent rigor, and minced, yields « sul 
quantity of carbonic acid; this is increased on adding acid, by th 
liberation of the gas from carbonates. Hermann’s! results were :— 


Free carbonic acid. =. 2°74 per cent. 


Fixed carbonic acid : . » 195 ” 


Muscles in which rigor mortis has been prevented by freezing 
placed in the boiling-flask containing boiled salt solution give of 0° 
gas ut 0° C., but above this temperature, especially when rigidity # 


Seyler's. Physiol. Chem. pp. 650, 651. They, however, simply illustrate be 
points, 

! Hermann (Untersuchungen ii. d. Stogirchael der Muskeln auagehend com 6 
vechsel, Hirschwald, Berlin, 1867). 
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in, there is a discharge of gas, and, if putrefaction be allowed to super- 
vene, a further discharge. In the portions of gas first set free small 
quantities of nitrogen are constantly found, but oxygen is always 
absent. The following numbers were obtained by Hermann in one 


experim 





Free carbonic acid liberated at 60° C.. —._‘:11:79 per cent. 
Fixed carbonic acid, i.e. liberated by acid . 204 ,, 
Nitrogen . Fi i 3 i: 2 > . 193 ne 
Oxygen. # ‘ 4s s § . 00 i 


There is thus a great increase in the amount of carbonic acid as 
compared with scalded muscle, i.e. nuscle in which rigor does not occur. 
The following experiment illustrates the effect of contraction ; 
again there is an increase in the discharge of free carbonic acid ; no 
oxygen is ever found ; a small admixture of nitrogen may be neglected. 


Resting muscle ‘Tetanised muscle 
Free carbonic acid. . 3-01 per cent. 7-66 per cent. 
Fixed carbonic acid =. 490, +42, 


Stuitzing! showed that on the prolonged boiling of muscle a sub- 
stance is broken up which yields a large amount of carbonic acid ; this 
substance is probably the same as that which is decomposed with the 
production of carbonic acid on tetanus or rigor, as, after tetanus or 
rigor, boiling does not produce nearly such a large yield of the gas. 

Muscular respiration. The muscle inthe air. The simplest method 
for investigating the changes produced in air by the presence of 
resting or contracting muscle is that of Hermann. The muscle is 
placed in a certain quantity of air in a graduated tube over mercury. 

Electrodes can be placed in contact with the muscle and so con- 
traction produced, and at the end of the experiment the muscle can be 
withdrawn through the mercury. The gases left in the tube are first 
dried, the carbonic acid absorbed by potash, the oxygen exploded with 
hydrogen or absorbed by pyrogallic acid, and the oxygen of the original 
air calculated from the volume of nitrogen left behind. 

The chief results obtained are as follows : — 

1, A small amount of oxygen is absorbed. This occurs both in 
resting, active, and rigid muscle, and is chiefly due to the onset of 
putrefaction. A small quantity of the oxygen is, however, probably 
absorbed by the muscle for its vital processes. We have seen that no 
oxygen is obtainable from a muscle ; the oxygen taken from the air, or, 


1 Pfliiger's Archiv, vxiii, 888. 
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when the muscle is in the body, from the blood, is not present in the 
free condition, but in a state of combination. This compound iss 
firmer one than oxyhemoglobin, and holds the oxygen until it is required 
for the oxidative changes that occur when a muscle contracts. A muse 
will, as we have seen, contract in cacuo ; a heart will continue toZbat 
for some time in a chamber containing no oxygen. This is in vite 
of the oxygen stored up in the muscular tissue iteelf. When carboie 
acid is formed in a muscle it is not due to direct oxidation ; and bene, 
when one finds that a small quantity of oxygen is taken up by a muxk 
in such experiments as Hermann’s, it must be clearly understood tht 
what is meant is that this oxygen is entering into combination with 
something that holds it in the muscle for future use, not for the 
immediate formation of carbonic acid, water, and other products 
oxidation. 

2, While the quantity of oxygen absorbed remains. practically 
constant, the amount of carbonic acid given off is much increased by 
contraction or on the onset of rigidity. This may be best illustrated ly 
experiments. 


Gxyyen abworbel Carbonic uci gird 


‘Living muscle. =. ~~.‘ per cent. 8 per cent. 
“Rigid muscle. 0. 16, 6 y 
9 (Muscle at: rest Sy (gt ey i, 
“\Tetanised muscle. . 8 9 , 


Muscwar respiration. The musele in the body.—The gases in the 
blood entering and leaving the muscle are analysed first while be 
muscle is at rest ; and then when the muscles are made to contract 

Taking arterial blood as the standard, Ludwig and Schmitt! 
obtained the following numbers : 





Yes bat gywen Toss than Carbonic uch! ore 
arterial blood: ‘than arterial blow 

Muscles at rest per cent. 6:7 per cent. 

‘Muscles in action 1226, 108, 


The difference is really more considernble than the table sho¥s 
because, when muscles contract, the blood flow is accelerated in t 
veins. 

Another point is noticed in analyses of this kind, and it is this 
that the ratio between the increase of carbonic acid and the decrt®* 
of oxygen is greater during contraction than during repose. 


1 Arbeiten aus der physiul. Anstall in Leipzig, 16H, vol. ii. p. 1. 
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In the above experiment, let Q be the relation when the muscles 
are at rest ; and Q’ when they are in action. 

Then Q= ST and Q'= 108; and QQ. 

In other words, more carbonic acid ix produced than oxygen is ab- 
sorbed : thisis again what we have previously seen in contracting muscles 
in their effect upon the gases of the atinosphere, The increase in the 
quantity of oxygen absorbed in such experiments is partly due to the 
acceleration of the blood stream during contraction. If, however, the 
blood be first artificially deprived of its oxygen, before being sent to a 
muscle, the muscle loses its irritability, at first slowly, afterwards more 
quickly. A very minute quantity of oxygen will however restore 
irritability. 

Of other changes in the blood produced hy contraction of muscle, 
little or nothing is known ; during tetanus, the venous blood is said 
to acquire sarcolactic acid (Spiro)'; and a certain quantity of reducing 
substances of unknown nature (Schmidt ; are p. 433). 


CONTRACTION OF MUSCLE (SUMMARY) 


When muscle contracts, it undergoes both chemical and physical 
changes. The latter, the physical changes, consist in a conversion of 
the potential energy of chemical attinity into various forms of actual 
energy : (1) mechanical motion «ue to the shortening and widening of 
the muscular fibres; (2) heat : the rise in temperature can be seen and 
measured by means of thermoelectric apparatus ; (3) changes of electrical 
potential: contracted muscle is negative to uncontracted ; in this 
point contracted muscle resembles injured and dead muscle. Accom- 
panying these changes, there are alterations in the optical appearances 
‘of the muscular tibres, which have already been briefly described (p. 402) ; 
and there are also changes in the extensibility and elasticity of the 
muscle, the most striking of these being an increase of the extensibility 
of contracted as compared with uncontracted muscle ; that is to say, 
a given weight will stretch a contracted muscle more in proportion to 
its length than it will the same muscle in a state of rest. 

The chemical changes that occur when a muscle contracts are 
similar in kind to those that occur when the muscle is at rest ; on 
contraction there is a sudden acceleration and extension of these 
chemical decompositions. A healthy muscle connected to the central 
nervous system becomes longer when the nerve connecting it is cut, or 
when the end-plates by which the nerve tibres communicate with the 
muscular fibres are poisoned by curare. -A healthy muscle at rest is 

1 Zeit. physiol. Chem. i. 11, 





ps of the same nature as those which 
degree on the death of the muscle, in each 

n of acid. But with regard to the formation 
raction, there is one physical change which in- 

re is a great distinetion between dead muscle and 
which in rigor mortix is diminished and on 

ased. In other words, rigor makes the muscle less 
becomes more solid owing tothe formation of the. 
the contraction of a living musele, it becomes: 

is shown by its increased extensibility, and. 

the theory of the formation of a solid clot 


of muscular coutraction.'—The following admir- 
views is taken from Dr. Burdon-Sanderson's 
Association, 1889.2 ‘The contraction which a 
n stimulated has its seat, not in the system of 
9, or disdiaclasts, se p. 403), but in the interstitial 
it, and consists in the migration of that labile 
anette tet synchronous with explosive 
d disengagement of heat, and change in the 
h Aisinigfeabeiaioa The chemical changes that 
othe production of heat re indices of oxidation, 
RRP Pe eee a OEE ae 
, and concomitantly with or antecedently to the 
ied. Exregungerorgiinge u, electr. Exschein, an der Nerren- 
us dem. Physic. Institut, Halle, 1888. 
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Per diew Difference 
Nitrogen in excreta . 273 
P.O, in excreta 060 
in urine 0-28 





‘The weights in the foregoing are expressed in grammes, The results 
sven are as follows: witrogen—obvions increase on the day of work continued on 
the days following it. The reserve at the end of the experiment was only 1:64 
gramme less than on the day before the work: phosphoric acid—the excess of 
P,0, excreted over that ingested (0°5 gramme) is probably within the limits of 
experimental error: sudphuric acid—the increase after the work is undoubted, 
and proportional to the increase of nitrogenous material excreted: the amount of 
sulphates in the food was insignificant, and that in the urine wax therefore 
derived from proteid metabolism. 

‘These results confirm those of Parkes, but the disturbance produced by very 
severe labour was much more immediate and of greater intensity than that which 
Parkes observed, probably because the exertion he imposed on the soldiers under 
observation was inadequate, As in Parkes's experiments, where retention of 
nitrogen followed the diminution of nitrogen stored in the body, produced by 
privation of nitrogenous food, xo after the disturbance of nutrition produced by 
severe labour, the immediate effect of which is to diminish the store of nitro- 
genons material in the system, there follows a corresponding diminution of 
discharge, the output being less than the intake. This store of nitrogen is more 
constantly operative than has been hitherto supposed; thus accumulation took 
place when the daily supply of nitrogen was not more than 176 grammes, no 
extra work being imposed; this amount cannot be regarded as more than an 
adequate supply for the normal nevis of the body. The retention following 
starvation or exercise is a mere exaggeration of the normal tendency. 


























Muscular contraction thus enlarges the total excretion of nitrogen, 
but the increase is very small and is out of all proportion to the work 
done or the body-weight lost during the exercise. No doubt the 
nitrogen eliminated is derived ultimately from the muscles; but, as 
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CHAPTER XXI 
EPITHELIUM 


EpitHELium may be defined as a tissue which consists entirely of cells 
united by a small amount of cementing substance. As a rule an 
epithelium is spread out to form a membrane, lining a cavity or covering 
asurface. But in certain cases the tissue is not spread out in this 
way ; for instance, the liver is an organ which may be said to consist 
of a mass of epithelial cells, and the various forms of cancer are also 
epithelial growths. 

Epithelia may be classified from the histological standpoint into 
those which consist of one layer of cells only, called simple epithelia, 
and those which consist of more than one layer, which are termed 
compound. 

The simple epithelia may be again subdivided into pavement (or 
endothelium), columnar, cubical, and ciliated, according to the shape of 
the component cells. 

* The compound epithelia comprise the transitional epithelium of 
the bladder and ureters, and the stratified epithelium, such as that 
lining the mouth, or covering the whole of the external surface of the 
body, where it is called the epidermis. 

Separated from these various forms of epithelium on account of 
their specialised functions, the two following must be mentioned : 
secreting epithelium, such as occurs in the alveoli of the salivary 
glands, or the uriniferous tubules ; and nerve-epithelium, the various 
forms of modified epithelial cells which are connected to the termina- 
tions of various sensory nerves, and form the receptive end organs for 
sensations of different kinds ; instances of nerve-epithelium are the 
rods and cones of the retina, the auditory hair-cells, the olfactorial 
cells, &c. 

Very little or nothing is known chemically with regard to a great 
number of the varieties of epithelium just enumerated. Microscopic 
research shows that the constituent cells are protoplasmic and contain 
nuclei, and we conclude that in their essential characteristics the 
protoplasm of these cells resembles that of other cells which we have 
better opportunities of examining chemically. With regard to the 
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COLUMNAR EPITHELIUM 


This consists of a single layer of elongated nucleated cells. Such 
‘ma tpithelium lines the alimentary canal from the cardiac orifice of the 
‘tomach downwards, and also most of the ducts of secreting glands. 
‘When the columnar cells are short, the term cubical epithelium is 
employed. 

The border of columnar cells is more strongly refracting than the 
Yedy of the cell, and though there are no differences in its resistance 
‘te reagents, it no doubt consists of somewhat modified protoplasm. 
}- The body of the cell is often vacuolated, and often contains numerous 
‘fet globules ; this is especially the case in the columnar epithelium of 
the mall intestine, during the absorption of fat. These fat globules 
qm be identified by the deep black colour they give with osmic acid 
@ Absorption). 

Columnar cells often break down to form goblet cells, and their 
- more superficial protoplasm is transformed into mucin, the chief con- 
atituent of mucus. 







CILIATED EPITHELIUM 


Ciliated epithelial cells are usually: columnar in shape; the cilia 
are protoplasmic tapering processes ; in the human subject 4 to 8 »: 
i length, but in many invertebrates, like the mussel, they are much 
Merger. 

Ciliary movement is independent of the circulatory and nervous 
tem, but it is dependent on nutritional changes occurring in the 
ell with which the cilia are connected, as all movement ceases when 
they are severed from the cell. The conditions most favourable to 
¢ilary action are a temperature a little above that of the body (40° C.), 
and free access of oxygen.! The movement is retarded by cold, by 
~ bet a little over 40° C. (this coagulates the proteids of the proto- 
Plum of which they are composed); weak acids and all strong 
chemical reagents also kill cilia, Carbonic acid, chloroform and ether 
‘"%p ciliary action, but the cilia recover when the poisonous vapour is 
Mplaced by oxygen. Distilled water acts as a protoplasmic poison 
bere as elsewhere. 

If cilia are allowed to work after being removed from the body, 
thy will in a varying time get languid and finally stop. If for 
instance a few bars of the gill of the sen mussel be mounted in a little 





' Cilia will, however, like muscle, continue to work some time in an atmosphere 
euining no oxygen. Their protoplasm, like that of muscle, in able to store up oxygen 
for future use (Sharpey : see Quain’s Anat. vol. ii, pp. 68). 
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poured out on the external surface of the animal. The membranes that 
Tine these cavities are called mucous membranes. 

In some cases, certain of the lining epithelium cells yield mucin, 
the chief constituent of the secretion, by the formation of what are 
aalled goblet cells (fig. 71). The more superficial part of the cell 
protoplasm undergoes certain changes, which result in the formation of 
a bighly refracting globule of mucin ; the precursor of mucin within 





Fig, 71.—Goblet cell, Highly magnitiet (Klein), 


the cell is called mucinogen ; after the mucin is expelled, the basal 
portion of the cell alone remains. This may once more grow into a 
tormal epithelial cell, and may again undergo this mucoid degeneration. 

In other cases the mucin is chiefly furnished by certain small 
wacemose glands, situated beneath the general epithelial lining, with 
itsduct opening on the surface. Here the cells of the acini of the 
gand undergo, as in the mucous salivary glands, the same transforma- 
tim of the cell protoplasm into mucinogen, and this suspended in an 
alnline liquid is expelled as mucin through the duct upon the surface 
the mucous membrane. 

The chief properties of mucin are its stickiness and viscosity and 
its solubility in dilute alkalis like lime water ; from these solutions it 
in readily precipitated by acetic acid, in excess of which it is insoluble. 
Tn composition, it consists of a globulin in combination with a carbo- 
hydrate called animal gum. By treatment with dilute sulphuric acid, 
the animal gum is converted into a sugar, which, like grape sugar, 
Teduces alkaline solutions of cupric hydrate. 

It is probable that there are several different kinds of mucin, ie. 
diferent: proteids combined with animal gum ; that.obtained from the 
mail, for instance, is distinguished by Hammarsten ' into foot mucin 
(obtained from the foot), and mantle mucin (obtained from the mantle) ; 
the properties of these two substances are slightly different from one 
anther, and from the mucin obtained from saliva, mucus, &e.; and 
these in turn differ from the mucin found in the ground substance of 
connective tissue. All mucins, however, are alike in the reactions that 


1 Hammarsten, Pfliiger's Archir, xxxvi. 373. 
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The mucus of various parts differs a little in appearance and in 
reaction, Charles! describes the varieties as follows :~ - 


Buccal mucus. Transparent, viseid, alkaline. 
Stomachal mucus. ‘Thready, greyish, alkaline. 
{Greyish, viscid, ulkaline, rich in fatty 
Intestinal mucus. particles, and suspended epithelium 
(cells, 
Vesical mucus. Gives a cloudy appearance to urine. 
Vaginal mucus. Slightly viscid ; acid. 
Cervical mucus Slightly viscid, greyish, transparent, 


(that of the neck of the uterus) ' alkaline. 


The amount of mucus nomnally secreted is small, merely sufficient 
to lubricate the surface; in the case of the respiratory cavity, it 
entangles dust particles from the inspired air, and it together with 
this foreign matter is removed by the activity of the ciliated epithelium. 
It is stated that the mucus of the alimentary tract may aid digestion. 

In cases of inild inflammation of the mucous membranes (catarth), 
the amount of mucus secreted is increased. Tn more severe cases, the 
leucocytes become abundant, and the secretion is called inuco-purulent, 
that is, a mixture of pus with mucus. 

Sputum consists of the secretion of the mucous membrane of the 
respiratory tract mixed with « certain amount of saliva and occasionally 
nasal mucus. The following are some particulars concerning the diffe- 
rent kinds of sputa in a few important disease: 

Quantity. --This is very variable, especially in bronchitis. In 
phthisis it may range from 80-150, in pneumonia from 26-300 grammes 
per diem. 

Colour. In chronic inflammation of the bronchi it may be studded 
with black particles of carbon, especially in those living in a sooty 
atmosphere. In acute cases of bronchitis it is yellowish, owing to 
admixture with pus. In pneumonia the typical sputum is rusty, 
ie. brown or yellowish-red, from the presence of altered blood pigment. 
‘As hepatisation proceeds, the sputum becomes greyish or purulent. 
In phthisis the expectoration may be tinged with bi 

Viseidtity.--The most viscid expectoration is that of pneumonia, 
The most watery expectoration occurs in the early and late stages of 
bronchitis. 

Odour.--In bronchiectasis and gangrene of the lung, the sputum 
has a putrid odour. 














) Charles, loe. cit. p. 288. 
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SECRETING EPITHELIUM 


Epithelium is a tissue which exhibits varying degrees of vitality in 
different. parts according to its function ; thus the outer portions of 
the epidermis are almost entirely non-protoplasmic, and they undergo 
few physical and chemical changes of any kind ; their function is simplt 
protective. In the secreting glands, on the other hand, the epithelial 
cells are composed of protoplasm which is the seat of the most active 
and remarkable chemical operations, the building up of new substances 
which are discharged as 2 secretion to fulfil important funetious 
elsewhere ; or the substances may be simply taken from the circulating 
fluid by the cells, and poured out from them to form an excretion: thtt 
is, these substances are simply got rid of and discharged from the body 
by this means. 

A secreting epithelium may he considered as a partition between 
the blood, or, more properly speaking, the lymph, on the one side, and 
the lumen of the secreting gland on the other. From the lymph the 
materials are taken by the secreting cells and then worked up inte the 
components of the secretion, and finally discharged on the other side 
into the lumen, and thence hy the ducts of the secreting gland to their 
destination. 

A useful contrast is drawn by Dr, McKendrick? between th 
ies of three important varieties of organs : 




















1 The amount of chlorides in the urine is correspondingly low. 
2 Physiology, vol. i. pp. 44-5. 
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(1) Muscles. (2) Electrical organs. (3) Secreting cells. 

If a be contraction, 6 electromotive phenomena, and c metabolic or 
chemical changes : in a muscle a is large, 6 and c relatively small ; in 
an electrical organ, « is apparently absent, & is large, and c relatively 
small ; and in secreting cells a does not occur as an active contraction, 
though the cell may slowly change in form and bulk, 6 occurs, but is 
comparatively small, while c is relatively large. Thus the differences 
between these three varieties of protoplasm are very largely differences 
of degree only. A further resemblance to be briefly noted is, that just 
as muscles are supplied with nerves along which motor impulses are 
conveyed, and electrical organs with special nerves, excitation of which 
causes activity of the organs they supply, so secreting cells are in many 
cases at least supplied with nerves, excitation of which causes the 
activity of the gland cells they supply ; and in some cases where a 
gland receives two nerves with different functions, excitation of one will 
produce a secretion differing somewhat from that produced by exciting 
the other. . : 

The amount of secretion is in some cases, as in that of the kidney, 
very largely influenced by the amount of blood reaching the organ, 
and by the blood pressure ; this again is dependent on the size of the 
blood vessels, which is regulated by the vaso-motor nerves that supply 
their muscular tissue. 

In most cases the secreting cells that line the acini of a secreting 
gland are large spheroidal or polyhedral cells. In other cases, as 
in the convoluted tubules of the kidney of some animals (possibly 
the epithelium of the cerebro-spinal cavity must be included here), the 
cells are ciliated. 

No histological differences can be made out in certain glands 
according to the secreting activity of the cells; instances of such 
glands are the kidneys and the sweat glands ; these are glands 
that are excretory in function, they form no special ferment for use 
elsewhere, and their activity depends very largely on the amount of 
Dlood passing to them. 

There are, however, certain other cases in which a distinct difference 
between the active and resting condition of the secreting cells can be 
made out. We have, in fact, already studied the changes in one in- 
stance, namely, the formation of mucin in ciliated and columnar cells. 
‘A similar transformation of protoplasm into mucin (or mucinogen, 
as it is called while still within the cells) is seen in the acini of the 
numerous little rcemose mucous glands of the mouth, pharynx, trachea, 
and esophagus, as well as in the cells of the mucous alveoli of the 
submaxillary and sublingual salivary glands. The cells distended with. 
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cells filled with fat-globules may be rea 
but later these colostrum corpuscles, as they are 1 
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called the layer of rods and cones; and it has been satisfactorily 
proved that it is this layer upon which the images of external objects 
are focussed by the refractive apparatus in front of it. The impressions 
of light affect the rods and cones, and thence they are propagated as 
nervous impulses via the optic nerve to the brain. External to the 
layer of the rods and cones is a layer of hexagonal epithelium cells con- 
taining a black pigment. It is these two layers that we have to describe 
in detail. 

The retina as a whole gives indications of its twofold structure, 
nervous and epithelial. Its reaction is stated to be acid ; and, like most 
animal tissues, it becomes opaque after death. Water dissolves out from 
it proteids, gelatin, and mucin, the two last-named substances being 
probably derived from the supporting connective tissue it contains. 
Alcohol dissolves lecithin from its nerve-fibres and cells. Other reagents 
are employed to dissolve out other constituents, such as the pigments, 
from the rods and cones. Cahn! gives the following quantitative 
results :-— 


Water... .. =~ 86— 89 per cent. 
Solids ee ce HD 
Proeids? 9. ww, 4-6 y 
Gelatin’. =. ww. BRT Og 
Cholesterin . «08-08, 
Ieithn. . . . . 10-29 , 
Ft. 2 0. 0... 005-05 
Salts 2. 2... (OF-12 


Most of our knowledge of the chemistry of the retina is the result 
of the labours of Kihne and his pupils. A rémmdé of the chief facts 
will be found in Kithne’s article in Herrmann’s ‘Handbuch der 
Physiologie’ (1879), vol. i. p. 235. 


The Hexagonal Pigment Cells of the Retina 


The pigmentary layer of the retina was at one time supposed to be 
a part of the choroid or vascular coat of the eye, but the facts of 
embryology have shown that it is in reality part of the retina, and is 
developed like the rods and cones from the epiblast, whereas the 
choroid is developed from mesoblastic tissue. The choroid, however, 
contains branched cells in which is pigment identical with the black 
Pigment of the retina. 

1 Hoppe-Seyler’s Physiol. Chem. p. ow. 


2 Three in number—one resembling myosin, coagulating at 65°C., another like mucin, 
and » third like serum-slbumin. 


found generally in adipose tissue ; it belongs to 
called lipochromes or luteins, and like all these 
eached by sunlight. 


physiol. Chem, xi. 06-140. In this paper the references to 
mentioned above will be found. 
ol. Inst. der Univ, Heidelberg, ii. 824. 
4 Toid, xiii. 407. 
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tht the rods contain the precursor of visual purple, and this is acted 

open some other substance from the hexagonal cells; or it may be 
) cells withdraw the supposed substance from the 

rods and work it up into visual purple. 

The subcutancous injection of pilocarpine causes in the frog (not 

ia the rabbit) a hastening in the regeneration of the visual purple 


(Dreser). 
The physiological uses of visual purple.—The rays of light which 
are focussed on the rods and cones produce in those structures certain 

















™,: at Al ‘lon Spectra’ 1, of Sead ted 2, of visual yellow ; 8, of xantho~ 
3 4 of rhodophane in turpentine: 6, of etlerophane in ettier, ‘Tiile’ rth ot 
Tatnorption spectra has eeu exalted ta connection with fig: 8p. 76. 


obscure chemical changes which no doubt are very similar to those 
produced by the action of light upon a sensitive photographie plate. 
‘The most tempting hypothesis suggested by the discovery of visual 
purple was, that that substance is itself the sensitive chemical 
material, the changes in which are indicated by the changes of colour it 
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CHAPTER XXII 
THE CONNECTIVE TISSUES 


INTRODUCTORY 


A LARGE number of tissues are grouped together under the heading 
Connective Tissue ; they may be classified as follows :— 
1. Connective tissues proper : 


Areolar tissue. 

Fibrous tissue. 

Elastic tissue. 

Jelly-like connective tissue. 
Retiform tissue. 

Adipose tissue. 

2. Cartilage. 

3. Bone and dentine. 

At first sight these tissues appear to form a heterogeneous group 
but farther examination shows that the resemblances are sutticient 
justify a grouping of them together. The similarities may be tabulated 
in the following way :— 

1. Embryological : all are derived from the mesoblast. 

9, Functional : all have a connecting or supporting function. 

3. Histological : there are many points of structure in comme 
The histologica! elements are a ground substance or stroma containing 
cells and fibres; the latter may, however, be absent, as in hyalive 
cartilage ; and the structure may be, as in bone and dentine, mastel 
by calcareous deposit. 

4. Chemical : all varieties of connective-tissue that contain white 
fibres yield gelatin, and the substance called chondrin yielded by 
cartilage is very similar. 

The histological elements of connective tissue are four i" 
number : 

1. Cells : connective tissue corpuscles of various kinds, cartilaer 
cells, and cells of various kinds found in bone and dentine. 

2. White fibres: immeasurably fine fibres which do not branch 
which run in bundles ; these bundles have a wavy outline. The thr 
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The high percentage of mucin in the incompletely developed con 
nective tissue of young children is due to the greater quantity of ground 
substance present there. 

In cases in which fluids are to be analysed for mucin, the precipitate 
produced by the addition of acetic acid may be collected and weighed. 
or alcohol may be added to the fluid ; this precipitates both mucin and 
proteids ; the former may then be dissolved out from this precipitate by 
means of baryta-water or lime-water, and precipitated therefrom br 
aceti 5 
Lebisch states that mucin has an acid reaction, and that the 
amount present may be measured by the decrease of alkalinity of an 
alkaline solution employed to dissolve 

Properties and reactions of connective-tiseue mucin.—Mucin is * 
slimy, glutinous substance insoluble in water and in alcohol. It 
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tion of fats in the intestine ; it is also regarded as the mother substance of milk 
sugar. These statements await verification before they can be received as more 
than interesting theories. 

Further decomposition products of mucin.—Mucin yields leucine and tyrosine 
after prolonged boiling with strong sulphuric acid. Obolensky! obtained pyto- 
catechin (C,H,0,) by boiling submaxillary mucin with caustic soda for fifteen to 
twenty minutes; but I have not succeeded in obtaining this substance from con- 
nective-tissue mucin in this way. Putrefaction produces the same decomposition 
products as it does from proteids. 

Mucin is not digested by artificial gastric juice ; if mucin, however, be dis- 
solved in 2 per cent. hydrochloric acid, and the solution diluted till the percentage 
of HCl is 0-2, and then pepsin be added, albumoses and peptones will be formed 
at a suitable temperature (40° C.); but, as has been cxplained already, a solution 
of mucin made in this way is not really a solution of mucin at all, but a solution 
of the decomposition products of mucin, one of which is acid-albumin ; and this 
it is which is converted into peptone by the action of pepsin, Pancreatic juice, 
in virtue of its alkalinity, readily dissolves connective-tissue mucin, and the 
results of artificial pancreatic digestion are albumoses, peptones, leucine, 
tyrosine, &c. from the proteid part of the molecule, and a reducing sugar from 
the animal gum. 











CARTILAGE 


In hyaline cartilage the matrix is free from fibres. In it are 
embedded numerous cells, most commonly in groups of two or more ; 
the cells are rounded except in the neighbourhood of adjoining fibrous 
tissue, where they are branched (transitional cartilage). 

The matrix is much firmer than the ground substance of connective 
tissue proper, but, like it, is stained brown by nitrate of silver and 
subsequent exposure to light. It yields, on bviling, a substance called 
chondrin. 

The cells lie in cavities in the matrix, which they apparently 
entirely fill in the natural condition. Each cavity is bounded and 
enclosed by a transparent capsule, which colres intimately with the 
surrounding matrix, and it is only in young cartilage that it can be 
clearly distinguished from the matrix without the use of reagents. The 
cells in cartilage may be sometimes seen in a state of division, as 
indicated by the karyokinetic figures in their nuclei; the capsule 
divides with the cell, so that in a group of cells formed by subdivision 
acapsule may be traced surrounding the whole group, and secondary 
capsules enveloping each cell. It is doubtful how the capsule is pro- 
duced, whether excreted by the cell which it subsequently encloses 
(Killiker) or formed by a conversion of the superficial layer of the 


1 Pfiiger’s Archiv, iv. 986. 
Il 
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This is not stained at all by the reagents previously mentioned, but is stained by 
indigo blue, aniline red, and tropeolin, which do not affect the collagenous net- 
work. By the use of two staining reagents, one of each group, applied to micro- 
scopic sections, double staining is obtained ; for instance, with methyl violet and 
tropxolin, the network is stained yellow, the chondrin balls blue; with indigo 
blue and aniline red the network is stained blue, the chondrin balls red. It is the 
chondrin balls which consist of the second substance of other authors, the mucin 
of Morochowetz and v. Mering, the hyalogen of Krukenberg. There are, how- 
ever, some slight differences between the chopdrin balls and ordinary connective- 
tissue mucin ; they consist of two substances: (1) a mucin (chondromucoid) which 
Fields on decomposition proteid matter and chondroitic acid; and (2) free 
chondroitic acid (sce below). 

Further decomposition products of chondrin.—On being heated with strong 
sulphuric acid, chondrin yields similar decomposition products to those obtained 
from gelatin and mucin. Hoppe-Seyler,' however, states that no glycocine is 
formed. Schiitzenberger and Bourgeois,? who employed baryta-water in sealed 
‘tubes as in their researches on proteids and on gelatin, obtained results similar to 
those derived from those substances. 

A substance of uncertain nature, called chondroitic acid, was obtained by 
Bédeker* as a result of treating cartilage with certain reagents. This substance 
has also been examined by Krukenberg,‘ who ascribes to it the formula 
CaH,,8N,0,,, and believes it is one of a class of substances he terms hyalins (sce 
farther next page). Mérner found that this substance, which is remarkable for 
its low percentage of nitrogen, occurs free in the chondrin balls, and is also a 
decomposition product of chondro-mucoid. On being boiled with dilute sulphuric 
‘acid it yields a reducing sugar. Mérmer was, however, not able to verify the 
existence of Krukenberg’s hypothetical precursor of this substance or hyalogen. 
A fact of great interest made out by Mérner is that the sulphur in the molecule is 
all combined in the form of ethereal sulphate. 





Cartilage in Invertebrate Animals 


The cartilage occurring in certain invertebrate animals is very similar histo- 
logically to that in the vertebrate kingdom. It is also very similar chemically. 
Hoppe-Seyler was the first to obtain gelatin from its I*have myself made a 
chemical examination of the head cartilage of Sepia, and the entosternite of 
Limulus, The basis in both structures is chondrin ; that is to say, a substance 
giving the reactions both of gelatin and mucin; there is, however, in addition, a 
certain proportion of chitin, in the case of Limulus 1-01, and in that of Sepia 1-22 
percent. These results are especially interesting, ax showing that chitin is not a 
vely epiblastic in origin, but here, at least, we have it 
occurring in mesoblastic structures.’ 











1 Journ. f. prakt. Chem. Wi. 129, 

2 Comptes rendus, Ixxxii. 263. 

3 Annal. der Chem. (1861), vol. exvii. p. 111. 

4 Krukenberg, Zeit. Biol. xx. 807. 

* Hoppe-Seyler, Med. Chem. Unterauch. p. 580; Pfiiger's Archiv, xiv. 895; Kruken- 
berg (Zeit. Biol, vol. xx. Heft 8) alno worked at this subject, 

* Quart. Journ. Mic. Science, xxv. 178; Proc. Roy. Soc. 1885, No. 285. 

7 Thave also shown that chitin occurs in the liver of Limulus, though whether in the 
connective tixsue or in the liver cella Iam unable to say. Krukenberg (Ber. d. chem. 
Gesellach. Berlin, xviii. 989) has since found chitin in the pen of Sepia, 
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tion temperature of proteids (see p. 119). After having been melted 
and then allowed to cool, the fat solidifies again, but always a few 
degrees below that at which it melted. 

The fatty acids may be obtained by dissolving the fats in alcoholic 
potash, evaporating to dryness, dissolving the residue, which consists 
of compounds of potash with fatty acids (potash soaps) in water, and 
finally adding hydrochloric acid ; the fatty acids are thus liberated : 
these are solid and may be collected on a filter. 

‘The fatty acids may be separated from one another by dissolving 
them in hot alcohol ; this solution is treated with lead acetate, and 
insoluble lead soaps are thus obtained. Lead oleate is extracted from 
the mixture by boiling ether ; and lead stearate and palmitate remain 
undissolved. By adding hydrochoric acid to the ethereal solution of 
lead oleate, oleic acid is liberated and remains dissolved in the ether. 
The mixture of lead stearate and palmitate may be also decomposed by 
hydrochloric acid, and the fatty acids so liberated dissolved in alcohol, 
and separated by fractional precipitation with barium chloride or 
acetate ; the stearic acid is precipitated as barium stearate first. On 
adding more of the barium salt, a mixture of the stearate and palmitate 
of barium is obtained ; and finally the precipitate consists wholly of 
barium palmitate ; the successive precipitates are collected on separate 
filters. An approximate estimation of the composition of a mixture 
of palmitic and stearic acid (the acids obtained from palmitin and 
stearin respectively) may be made by means of determining the melting 
and solidifying points of the mixture. Tables have been constructed 
which give these particulars with regard to various proportions of these 
substances when mixed together.! 

General properties of fats-—-They are all soluble in hot alcohol, ether, 
benzol, carbon disulphide, and chloroform. They all have the physical 
characteristic known as greasiness. Each is solid below a certain 
temperature. Above this temperature, known as the melting point, 
they are fluid. The melting point varies somewhat according to the 
treatment to which the fat has been subjected. 

When mixed with colloid substances in an alkaline solution, fats are 
broken up into microscopic globules, so that the fluid becomes white like 
milk, and the suspended fat does not readily rise to the top or separate 
from the fluid ; such a mixture is known as an emulsion. The change 
known as saponification is a chemical change. It occurs when a fat is 
mixed with certain metallic compounds ; the fat splits into its two 
components, glycerin and a fatty acid, the latter combining with the 
metallic base to form what is called a soap. Thus when palmitin is 

1 Heintz, Poggendorf's Annalen, xcii. 588. 
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of normal undried bone without the separation of marrow or blood is 
given by Hoppe-Seyler thus :— 


Water . . =. ~—.._:50-00 per cent. 
Fat =...) . 1575), 
Ossein . . * + 1140 ” 
Bone earth . ‘ « 21°85 “ 


It may be said roughly that two-thirds of the solids present in bone 
consist of inorganic matter and one-third of organic substances. 
Zalesky’s analyses are as follows :— 


Human bone Bone of ox Bone of guinea-pig 


Organic constituents . . 3456 3202 34-70 
Inorganic, . + 6544 = 67-98 65-30 


When a bone is soaked in acid (5 per cent. hydrochloric acid, or a 
saturated solution of picric acid, &c.), it is but little altered in appear- 
ance, but it is soft and flexible and has lost two-thirds of its weight ; 
the inorganic salts have heen dissolved out by the acid. The opposite 
process, the destruction of the organic matter, may be accomplished by 
heating the bone to a white heat ; the organic matter is thus burnt 
away, and the bone then appears somewhat whiter than normal, and 
has lost one third of its weight. 

The organic constituents of bone consist of — 

a. Ossein.—This is the most abundant of the organic matters in 
bone. It is identical with collagen (se p. 471). By boiling with water 
it is converted into gelatin. 

b. Elastin.—This is present in small quantities only. Some of the 
perforating fibres and a thin membrane lining the Haversian canals, 
lacune, and canaliculi form the source of this substance in bone.! 

ce. Proteids and nuclein--from the cells. 

d. Fat,—This is always present in small quantities, even after the 
removal of all connective tissue and marrow, 

The inorganic constituents of bone are— 

a. Calcium phosphate—Ca,(PQ,),. This is the most abundant of 
the mineral matters present in bone. 

6. Calcium carbonate -CaCU;. 

¢. Calcium chloride—CaCl,. 

d, Calcium fluoride—CaFl,. 

e. Magnesium phosphate—Mg (PO,)2. 

f, Small quantities of sulphates and chlorides. 

1 Thiu membrane lining the Huversia: 


of keratin; but H. E. Smith (Zeit. Biol. 
the case. 
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termed calcospherites by Harting. Ord bas shown also how in urine the 
presence of albumin and other colloid substances influences the crystalline form 
‘of urinary sediments, causing the angles of the crystals to be rounded, the 
molecules arranging themselves not in straight lines, but with a curvilinear 


disposition. 
DENTINE, ENAMEL, AND OTHER CALCAREOUS AND 
SKELETAL STRUCTURES 


Dentine consists, like bone, of water (10 per cent.) and solids 
(90 per cent.). The solids are organic and inorganic. The organic 
solids are rather less abundant than in bone; they consist of collagen 
and elastin; the latter is derived from the lining of the dentinal 
tubules, The inorganic solids are like those in bone. From Aeby’s 
analyses, Hoppe-Seyler calculates that the solid matter of dentine is 
composed of the following constituents :— 

CajpCOs(PO,)s - » + «72°06 per cent. 

MgH(PO). . «we OB, 

Organic substances... Ss 8770, 


Enanel.—This is the hardest tissue in the body ; in the adult it 
contains 95-97 per cent. of mineral matter, in the infant 77-84 per 
cent. Hoppe-Seyler’s quantitative analyses give the following mean 
result :— 


CayoCO(PO,), - - «96:00 per cent. 
MgHPQ, . . . . . . +105, 
Organic substances .  . «2. 860, 


The inorganic matter thus resembles that in bone and dentine. 
The organic matter does not yield gelatin ; this is interesting in view 
of the fact that enamel is not of a connective-tissue origin, but is 
epithelial (epiblastic). 

Crusta petrosa, or cement.—This is simply bone both from a histo- 
logical and chemical point of view. 


Seales of fishes.—The scales differ in structure in different groups of fishes: in 
the Elasmobranchs they are composed of true dentine; the Ganoid scales are 
covered with a brightly polished plate of enamel ; this is very rarely found in the 
Teleostean fishes, in which the scales are bony ; the Dipnoi have horny scales. 

Pearls from oysters were analysed and found to consist of calcium carbonate 
91-72, animal matter 6-94, and water 2-23 per cent. They are not soluble in 
vinegar unless pulverised (Harley)! : 

Tortoise-shell.— The shicl of the tortoise is firmly fixed to the skeleton: it 
consists of a layer of epidermis or tortoise-shell composed of horny matter or 
keratin and a layer of bone beneath. 








1 Proc. Roy. Soc. xiiii. 461. 
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operation, No mucin was found in it, and the proteids of the serum 
wore both qualitatively and quantitatively normal (serum-globulin 3°55, 
serum-albumin 413 per cent.) The animal was killed nearly two 
years afterwards, it having developed myxedematous symptoms when 
it was shorn and exposed to cold. It showed no signs of myxadema 
before this The blood, pericardial and cerebro-spinal fluids then 
contained no mucin, The peritoneal fluid contained a doubtful trace. 
‘The urine contained an abundance of mucin, The ‘gelatinous’ and 
fatty connective tissue from the anterior triangle of the neck contained 
0-9 per cent. of mucin. Although there are no analyses in healthy 
sheep to compare with this result, it seems to denote « considerable 
increase in the amount of mucin present, normal adipose tissue in 
other animals yielding only imponderable traces. The sterno-mastoid 
muscle and lymphatic glands were also examined from the same 
animal, and found to contain a trace of mucin, 

An impartial examination of all the foregoing results both in man 
and in animals seems to show that, although the first observers ex- 
‘Aggerated the importance of the increase of mucin in the tissues, yet 
there is some justification for the name myxadema ; the increase of 
‘mucin docs not appear to be, however, anything peculiar, but simply 
arises from the fact that all young connective tissue has a smaller 
proportion of fibres, and a larger proportion of ground substance than 
fully formed connoctive tissue. ‘The case of the parotid gland is, 
however, not explicable in this way, and appears to be one of the most 
remarkable of the morbid conditions produced by the removal or 
‘disease of the thyroid body. 

_ ‘The question arises, how is it that removal of the thyroid or stoppage 
of its fonction produces all these remarkable effects} This is an ex- 
ceedingly difficult question to answer, When the subject had not been 
fully investiguted it, was supposed that the thyroid had something to 
do in carrying out the disintegrative metabolism (katabolism) of mucin, 
and when the thyroid ix removed, mucin accumulates in the tissues. 
‘The presence of the colloid material in the alveoli of the normal gland 
seemed to lend some support to this theory. It is, however, exeeed~ 
ingly difficult to suppose that a gland without a duet could act in this 
way; it would be necessary to suppose that the blood-stream leaving 
the gland carried off the excretory products. Such « condition is 
unknown elsewhere, and as the accumulation of mucin in the tissues 
| ts not such a marked symptom as was at one time supposed, the theory 
just stated cannot any longer be considered tenable. 
The view now generally held is that the thyroid gland plays some 
important part in katabolic processes, and that it is also concerned in 


4 k 
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“The crystals in the cartilage can be readily seen in thin sections 
with a j-inch objective, and, as « rule, are arranged in star-like clusters, 
‘They doubly refract polarised light. 

The presence of uric acid can be readily demonstrated by 
slices of the cartilage in water of the temperature of 80°-90° C, ; the 
solution is evaporated in a capsule nearly to dryness with a little nitric 
‘acid, on exposure of this to the vapour of ammonia, the purple colour 
of murexide is seen. Or the aqueous extract may be acidified with a 


little hydrochloric acid, and crystals of uric acid are deposited in n fow - 


hours. If the watery solution be evaporated to a syrup without the 
addition of any acid, bundles of crystalline noodles of urate of soda are 


Sometimes similar deposits occur in the arytenoid cartilages, and 
Cruveilhier found urates deposited in bone itself. 

Chalk-stones, or tophi.—Collections of urates forming white chalk- 
fike deposits occur under the skin in various situations, and if excessive 
lead to distortions and deformities. An opportunity is occasionally 
afforded of observing the whole train of phenomena from the com- 
mencement to the full development of « chalk-stone. This is most 
readily done in those which appear upon the helix of the ear. A small 
vesicle first appears between the skin and the fibro-curtilage ; its con- 
tents are creamy, and present under the microscope the appearance of 
a clear fluid in which a number of fine crystalline needles are floating. 
After some months the vesicle assumes the appearance of a white hard 
head, closely resembling « pearl, and it may remain as such for years, 
or it may grow from an increase of the deposit, and in some cases sets 
ap inflammatory and ulcerative processes. The needles in the early 
stages after the fluid consistency of the deposit has been lost are found 
Aggregated into small bundles, but later it is difficult to separate them, 
es they adhere and form a closely interlaced mass, 

Similar deposits may be found in other situations, such as tendinous 
Sponeuroses of muscles, the sclerotic coat of the eye, and the tarsal 
cartilages at the angles of the eyes, 

White nodules on the ears and other parts containing fat and 
amorphous granular matter, due to the blockage of the ducts of 
sebaceous glands, must be carefully distinguished from gouty deposits 
of urates. 

According to Garrod, chalk-stones consist of urate of soda together 
with small quantities of animal matter and soluble salts derived from 
the structures in which the concretions have formed. Possibly in some 
instances, as in a concretion analysed by L'Heér¢tier, the calcium phos- 
phate found in Jarge amounts was derived from the tissue; in some 
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Another interesting feature of this disease is the presence in the 
urine of a proteid which has the characters of one of the albumoses. 
This subject will be referred to again under Urine. 


Brittle Bones 


The opposite condition to a softening of the bones occasionally occurs; the 
bones become extraordinarily brittle and break easily. A mild degree of this 
always occurs with advancing age. The question has been investigated by 
W. P. Mason,! who considers that the increased brittleness is due to the material 
rather than the structure of the bone; and that it is not due to the increase of 
cancellous tissue and diminution of the denser portions of the bone, as Frémy 


supposed. 





CARIES AND NECROSIS 


A few analyses of carious and necrosed bones have been made ; 
they show that in caries the inorganic constituents are lessened, 
whereas in necrosis the organic matter is gradually removed. Some 
few of these analyses are given in the following table :— 





Cartes (Boequerel and Rewier + 
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1 Mason, Chem, News, lvi. 





9 Traité de Chimie pathologique, p. 546. 
5 Quoted from Gautier's Chimie appliqué a la physiol. de. ii. 648. 
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| Percentages of water ( 
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a an aw, 
Grey substance . .|\g7 go | 83 | a4 
White substance |/f87-92| 69 | 72 
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Solids.—The solid matters in the brain fall into several classes. 

a, Proteids. These comprise about half the solids in grey matter, 
about one-fourth of those in white matter, and about one-third of 
those in nerve. 

6, Albuminoids. Neurokeratin and nuclein. 

c. Phosphorised constituents. Of these the most important are 
protagon and lecithin, especially in grey matter. 

d. Cerebrins. Certain nitrogenous substances of unknown com- 
position. 

e. Cholesterin. A monatomic alcohol, especially abundant in white 
matter. 

f. Extractives. Substances that occur in small quantities, such as 
are found also classified as extractives in muscular tissue (creatine,? 
xanthine,? hypoxanthine,? inosite, lactic acid, leucine,‘ uric acid, and 
rea). 

g- Gelatin and fat, derived from the adherent connecting tissue. 

A. Inorganic salts. The total mineral matter varies according to 
different writers from 0°1 to 1 per cent. But little is known of the 
function of the mineral constituents, and they may be here con- 
veniently dismissed altogether with the following abbreviated table 
from Geoghegan’s 5 paper :— 





In parts per 1000 of brain 


Totalash Ko} Na Mg io er | 70, | 0, j 60, 








Fe(PO,), 





sates SRP evi eS O4 | 09 | o2 O1/ OO1 ; 
- O00 [86.18 10: +0; t0 0-7 to0'3) to 0-08 | 





1 The above table is constructed from the published observations of Weisbach (W) 
(see Gamgee, Physiol. Chem. p. 445), Bernardt (B) (Ibid. 446), Petrowsky (B) (Pfliiger's 
Archiv, vii. 867), Moleschott (M) (see Charles, Physiol. Chem. p.885), and De Regibus (R) 
(Maly’s Jahresb. xiv. 848). 

? ‘According to Miiller, creatine is present in human brain, but absent from that of the 
ox. It was found by Stideler in pigeon’s brain (Journ. prakt. Chem. lxxii. 956). 

3 Btadeler, Ann. Chem. u. Pharm. xvi. 102; Scherer, Ibid. evii. 814. 

« Milller, bid. ciii, 181. » Zeit. physiol. Chem. i. 880. 
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diseased with the healthy nerve, found that in the former the substances soluble- 
in ether were diminished, and the amount of gelatin increased, owing to connec- 
tive-tissue overgrowth. 


Having thus described the histological elements of the nervous 
tissues, we must now return to the various chemical materials of 
which they are composed. Incidentally, as we have gone along, it has 
been convenient to describe a few of them; we need therefore not 
return again to nuclein, neurokeratin, the extractives, or the salts. 
Referring to the list already given of the chief constituents of nervous. 
tissue (p. 517), it will be seen that we have still to describe the pro- 
teids, the phosphorised constituents, the cerebrins, and cholesterin. 


THE PROTEIDS OF NERVOUS TISSUE 


Notwithstanding the quantitative importance of the proteids im 
nervous tissue, especially in grey matter, comparatively little work has. 
been done on the subject. Most writers are content to allude to them 
as proteid matter, or to use the term albumin synonymously with 
proteid. In a recent research by Baumstark,! he speaks of the proteids- 
as resembling casein. Petrowsky,? who made a few definite experi- 
ments on the subject, describes :— 

1, A globulin: somewhat resembling myosin. 

2, An albumin: coagulated at a temperature of 75°C. ; this is 
especially abundant in the grey matter. 

In my own researches on the subject, in which the more recent 
methods of the separation of proteids by means of fractional heat- 
coagulation and saturation with various neutral salts were employed, 
the following are the chief results :— 

The proteids present are :— 

1, A proteid which, like cell-globulin a, coagulates at 45°-47°C. 

.2. A proteid which, like myosinogen, coagulates at 56°C. This is 
absent in white matter. 
wh A proteid with the properties of cell-globulin, congulating at 

These are all globulins; albumins are absent in fresh brain ; so also 
are albumoses and peptones, 

There is no doubt that the greater part of the proteid matter in 
nervous tissue is derived from nerve-cells and the axis-cylinders of 
nerve-fibres, 


1 Baumstark, Zeit. physiol. Chem. ix. 145-150, 
2 Petrowsky, Pfliiger's Archiv, vii. 870. 
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Protagon 

Preparation.—When pounded brain is treated with water, the 
myelin swells up and is exceedingly difficult to work with. One of 
the steps in Liebreich’s original process for preparing protagon con- 
sisted in treating it with water and ether. Gamgee and Blankenhorn 
found that this part of the operation could be dispensed with, and. 
their mode of preparing protagon is as follows :— 

Fresh ox brain, freed from blood and membranes as completely as. 
possible, is digested for many hours in 85 per cent. alcohol at 45°C. 
The fluid is filtered hot, and the process repeated with the residue so 
long as the filtrate when cooled to 0° C. deposits a fair amount of white- 
precipitate. This precipitate is collected, and agitated with ether to 
extract cholesterin. The residue is then dried in an exsiccator. The 
resulting mass is powdered, moistened with water, digested for many 
hours with alcohol at 45°C. and filtered hot. The filtrate is allowed 
to cool gradually, and protagon separates from it in the form of rosettes. 
of microscopic crystals. It may be puritied by recrystallisation. 

The average percentage composition of this substance is as follows : 








| Mements  {Gamgeeand Blankenhorn, Baumstark | Calculated from the formula | 
H ' 
2s ee as plies Se ; 
c. 66-39 66:53 | 66-45 | 
HL 10-69 11-02 10-66 ' 
N. 2:39 270 242 

1-068 1-049 1-07 

19-462 18701 19°40 








The average numbers in these three sets of analyses are seen to be 
in remarkably close agreement. The empirical formula calculated by 
Gamgee and Blankenhorn from their results is C1g9H3osN;PO35- 

Alcohol and ether will not dissolve out lecithin from protagon ; it. 
is therefore not a mere mechanical mixture containing lecithin. It, 
however, yields on treatment with alkalis the same products of 
decomposition as lecithin does. 

The relation of lecithin to protagon is a point which has still to be 
worked out. 

Protagon is accompanied in the brain with substances which may 
be provisionally termed cerebrins ; but the cerebrin is not merely mixed 
with lecithin as Hoppe-Seyler supposed. 
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that is, a molecule of glyceryl CsH, united to three of hydra 
The formula for phosphoric acid is 


(H,PO,)HO. 


If we replace one of the atoms of the hydroxyl hydrogen-atoms & 
glycerin by the radicle (H,PO,) of phosphoric acid we shall obtain 
OH 
C;H, {OH =0,;H,PO,. 
O-PO;H, 


‘This is called glycero-phosphoric acid. 
If now we replace the other two hydroxyl hydrogens by steal 
(CisH,50), the radicle of stearic acid, we obtain 


(O-CisHss0 
O,H,: 0.C,,H3,0=CygH,;PO,. 
(o.PO,H, 


This is called distearyl-glycero-phosphoric acid. Lecitbin is a om 
pound of this acid with an alkaloid called choline. 
The formula for choline! is 
(OH 
H, s ‘ 
Cal (CH,),oH CEN 
This substance (minus OH) is united to distearyl-glycero-phosphorit 
acid, taking the place of an atom of hydrogen in that substance ; bit 
there is some divergence of opinion as to the exact mode of attachment 
Diaconow? regards lecithin as a salt, choline being the base whichis 
united to the distearyl-glycero-phosphoric acid. He states in fart 
of this view that, on shaking an ethereal solution of lecithin wit 
sulphuric acid, the products of the reaction were choline sulphate and 
distearyl-glycero-phosphoric acid. ‘The following graphic form 
will therefore represent Diaconow's view of the constitution 
lecithin :-— 
cet ((CigHss02)2 
3th 5 (‘OH 
o-PO 
( \O-N(CH,);—C,H,OH. 


Strecker ® on the other hand, considers that lecithin is an ether 
like combination, the choline being united to the acid by means of the 


1 Tho term neurine s sometimes used kynonymously with choline (see, bowevet. 
p. 179). 

2 Centralbl. f.d. med. Wiss. 1868. 

3 Aunalen Chem. Pharm, 1808, exlviii. p. 77. 
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oxygen of the hydroxyl; and graphically the formula for lecithin 
would therefore be 


((CisHss02)2 


CsHs: (OH 
(0- PO: 0 _ o.H,—N(CH,),0H. 

In favour of this latter view Hundeshagen has stated that the 
choline salt of distearyl-glycero-phosphoric acid prepared synthetically 
has none of the properties of lecithin, E. Gilson! reinvestigated the 
action of weak sulphuric acid on lecithin. He found that the products 
of the action were small quantities of glycero-phosphoric acid, another 
phosphorus-containing compound (? distearyl-glycero-phosphoric acid) 
in still emaller quantities, and free phosphoric acid ; the last named is 
the most abundant, These results certainly negative Diaconow’s theory 
that choline plays the part of a base in a combination resembling a salt, 
and we must therefore draw the conclusion that Strecker’s is the 
more correct view to take of the nature of lecithin. 

Having now seen the way in which lecithin is built up, it is easy 
to understand how it is we obtain on its decomposition stearic acid, 
glycero-phosphoric acid, and choline. The following equation represents 
what occurs on boiling lecithin with alkaline solutions :— 


C,,HyoN PO, + 3H,0=2C, gH4,0, + CsH,PU,+0;H,,NO, 
Cetthiny (eter] stent acht](etaserphoephare [oben] 

The acids in the above equation further unite with the alkaline base 
used to form salts. 

Lecithin should more properly be called distearyl-lecithin ; other 
lecithins probably exist in which palmityl, oleyl, or other fatty-acid 
radicles take the place of the steuryl in the lecithin we have been * 
considering. 

The following points may be here added with regard to the chief 
products of decomposition of lecithin. 


Stearic acid has been already considered (p. 491). 

Glycero-phosphoric acid.--Thi not only be obtained by the decomposi- 
tion of lecithin or protagon, Iut may be prepared synthetically from phosphoric 
acid and glycerin. 

It is a syrupy liquid of a swect-acid taste; its salts, except the lead salt, are 
soluble in water, and all are insoluble in alcohol. The salts that have been 
particularly studied are those of barium (C,H, BaPO,), of calcium (C,H,CaPO,.H,0 

and C,H,CaPO,.C,H,PO,), of zine (C,H,ZnPO,), and of lead (C,H,PbPO,). 

Choline.-—This base was first obtained by Strecker? from bile, and named by 









1 Zeit, physiol. Chem. xii, 545. 
2 Strecker, Annalen Chem. Pharm. lxxii, 77. 








THE NERVOUS SYSTEM 581 


oxidised in the body to form carbonic acid and water. Glycero-phosphoric ucid 
is also probably absorbed as such, or as a glycero-phosphate. Sotnischewsky! 
found it unaltered in the urine. When mized with putrefactive organisms it is 
not decomposed into gaseous compounds, Choline, on the other hand, when 
mixed with mnd containing putrefactive organisms is split up into carbonic 
acid, methane or marsh gas (CH,), and ammonia.? No doubt a similar decom- 
Position is produced by the bacteria of the intestine, and so the poisonous action 
of choline is obviated. We are atill ignorant of what happens to the lecithin 
or protagon of the brain. A supposed increase of the output of phosphates 
during mental activity has never been fully proved (Hoppe-Seyler’). 


CHOLESTERIN 


This substance is contained, not only in nervous tissue, but also in 
blood-corpuscles, in bile, and elsewhere. In nervous tissue it appears 
to be an especially abundant constituent of myelin or the white sub- 
stance of the medullary sheath. 

Preparation from brain or spinal cord. -The tissue is first dehydrated 
by cold alcohol, then finely divided and extracted with boiling alcohol. 
The alcoholic solution is filtered hot, and cooled. A deposit occurs 
which consists of protagon and other phosphorised constituents, cerebrin, 
and cholesterin. From it the cholesterin is dissolved out by ether, 
and the ether distilled off. To get rid of adherent traces of lecithin, 
the residue is heated for an hour with alcoholic potash ; this decomposes 
the lecithin, and the residue obtained by evaporating to dryness is dis- 
solved in a mixture of alcohol and ether ; 
from this solution cholesterin crystallises out 
as its solvents evaporate off. 

Cholesterin is obtained readily from gall- 
stones by simply extracting them with boiling 
alcohol, and treating with alcoholic potash 
to free it from extraneous matter, 

Properties of cholesterin.—It is freely 
soluble in hot or cold ether, glycerin, petro- 
leum, benzol, and solutions of bile salts, in 
hot alcohol and in chloroform. From anhy- 
drous ether or chloroform it separates in the 
form of needles containing no water of crystallisation ; from alcohol 
or ether containing water it separates in the form of rhombic tables 
(CysH,0+H,0) ; these are easily recognised under the microscope 
(see fig. 79). 

Dry cholesterin melts at 145°, distils in vacuo at 360° C, Its 





Fig, 79,--Crystals of Cholesterin. 


1 Sotnischewaky, Zeit 
2 K. Hasebroek, Ibid. 


jsiol. Chem. iv. 216. 
5 Physiol. Ohem. p. 688. 
Mua 
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According to Miller, its formula is C,;H,;NO,; according to Pare! 
CyoH60Nz015- Parcus also obtained two other similar substances vith 
different formule. Adopting a slightly different modus operendi, 
Geoghegan? obtained a substance with the formula C,-Hy.N,0y 
Thudichum? obtained three nitrogenous substances, which may be: 
classified as cerebrins, which he has named cerebrin (C,,H¢N,.0) 
phrenosine (C3,H;NO,), and kerasene (CygH,NO,). Gamgee? fornd 
that whilst protagon cannot be separated by the action of 
into lecithin, and a non-phosphorised substance cerebrin, yet su 
non-phosphorised substances do exist by its side in the brain, and a» 
which he terms pseudo-cerebrin (O,,Hy,NO,) can be obtained fran 
protagon by the action of caustic baryta. The above facts show tht 
there are probably several cerebrins, but that our present knowkig 
of these non-phosphorised, nitrogenous constituents of the brin® 
most incomplete. 

‘The cerebrins are like mucin in being nitrogenous glucosides; vis 
boiled with acids they yield a lmvorotatory, unfermentable mgr 
(Liebreich,! Diaconow, Otto, Geoghegan,® Thudichum?). This sags 
galactose (Thierfelder,* Brown, and Morris®). 


! Parcus, Journ. f. prakt. Chem. cxxxii. 310. 

¥ Geoghegan, Zeit. physiol. Chem, iti, 3832. 

# Loe. cit. 4 Virchow's Arch. xxxix. 183. 3 Tid. xi. 

© Geoghegan stated that the substance which reduced alkaline solutions of ct 
salts had the formula Ca2Hy05; he named it cefylid. By fusing it witha causticabh 
palmitic acid was obtained. There ix, however, no doubt that cetylid was a mirtaeds 
sugar with other decomposition products of cerebrin. 

7 Journ. f. prakt. Chem. xxv. 28. 

* Zeit. physiol. Chem. xiv. 209. ® Proc. Chem. Suc. London, 1889, p- 16. 








CHAPTER XXV 
THE ORGANS OF THE BODY 


Tue animal body is built of a number of constituent parts called 
organs. Each organ has a special function. The functions of different 
organs are, however, interrelated more or less closely. Those of which 
the functions are more closely connected to one another are grouped 
together into sets of organs or systems. We have thus the circulatory, 
respiratory, alimentary, and other systems. 

The organs, moreover, are built up of certain elementary textures or 
tissues, and in the preceding chapters we have been dealing with the 
chemical physiology of these tissues. In considering the chemistry of 
the organs, we shall find each to consist of several of the tissues, and 
therefore containing the substances found in those constituent tissues. 

Many of the organs we have now to consider may therefore be 
dismissed in a few words ; others, such ax the liver, will demand more 
detailed study ; and others again which form secretions will be only 
studied in part. In this chapter the chemical constituents found in the 
organs themselves will alone be considered ; the secretions they form 
can be more conveniently studied in relation to alimentation, nutrition, 
and excretion. 

Relation of water and solide in various organs.—The following 
analyses, most of them by Oidtmann,! of some of the organs which we 
shall consider give the relative normal amount of water, organic matter, 
and mineral matter in each :— 


‘Organs | Water Urganic substances | Inorganic substances 

Liver (child)... .| THIS 
Liver (old woman) | . 1) 80°68 
Spleen... . | 1077 
Thymus (dog). |... 807 
‘Thymus (calf) 2 2. 1) 77 

Thyroid (child) | |: ‘| 772 
Tayroid (old woman) . .; 822 
Buy body. 2. tT 

Kidney (child). | |.’ 7782 
Kidney (old woman) - </ $1.09 





Lang? seek Seat 


| 
| Testis (Miescher) . | 10 


} Preisachrift: Wiireburg, 1858. 
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The relation of water to solids was determined in a large number 
the organs and tissues of twenty normal pigeons by 8. M. Lakjanow! 
‘These were compared with similar observations on twenty pigeons from 
which food and water had been withheld for some time. The chiet 
conclusions to be drawn from the exhaustive tables of results ares 
follows :— 

Organs and tissues of the starving animals only showed important 
changes in the relation of solid to water when the total body-weight 
was diminished by 34 per cent. and the animal had taken no solide 
liquid food for 133 hours. The relation in some organs (heart, kidney, 
thorax muscles, alimentary tract, blood, brain, and lungs) undergos 
little or no change ; in others (thigh muscles, bones) the water # 
increased ; while in a third category (spleen, pancreas, liver) the water 
is diminished. Sex and initial weight are apparently factors that bare 
no influence. 

The following table gives the average percentages of water and 
solids in the organs as found by Lukjanow (see also p. 58) 
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THE LIVER 


The liver may be considered as « mass of epithelial cells prevaded in 
all directions by blood-vessels and bile-vessels. In most forms o 
epithelial tissue, the constituent cells are spread out in layers to forms 
membranous investiment or lining of some organ. But in the liver the 
cells are collected together into lobules, the whole being Lound togetht 
by means of connective tissue. The liver is one of the largest masses a 
cells in the body, and is larger in proportion in the embryo than in the 
adult ; these cells perform many important functions. They are formed 
from the same embryonic layer, the hypoblast, as that from which the 
cells that line the alimentary canal are formed, and the function of the 
liver is intimately connected with the processes of alimentation. 


1 Zeit. physiol. Chem. xiii 889. 
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The liver receives a supply of arterial blood by the hepatic artery. 
‘This appears to be concerned chiefly in supplying the supporting 
connective tissue of the organ. The chief supply of blood to the liver 
is venous blood ; this comes via the portal vein, formed by the union 
-of the mesenteric and splenic veins ; the portal vein breaks up into 
capillaries after the manner of an artery ; the blood leaves the liver by 
means of the hepatic veins, which open into the vena cava inferior. 
During digestion the portal vein carries to the liver certain products of 
-digestion absorbed from the alimentary canal ; this is taken from the 
blood by the liver-cells, and stored up there chiefly as glycogen. This 
is again given out as necessity arises, probably in the form of a soluble 
sugar, and leaves the liver by the hepatic vein. The storage capacity 
of the liver led Claude Bernard to compare its function with that of 
the tuber of a potato plant ; the tuber stores up carbohydrate in the 
form of starch, receiving it in a soluble form from the leaves, where it is 
formed, and giving it out again as a soluble carbohydrate. 

The important secretion called bile is also formed by the liver-cells. 
‘This will be considered in connection with digestion. 

The liver-cells have lastly a most important action in producing urea 
and uric acid, and other products uf nitrogenous metabolism, which 
ultimately pass into the urine, and will be considered in connection 
with that secretion. 


Chemical Composition of the Liver Substance 


The fresh liver is alkaline in reaction, but after death soon becomes 
acid, and this, as in so many cases, is due to the development of sarco- 
lactic acid. 

The number of organic substances occurring in the liver is very 
numerous. There are proteids and nuclein contained in the protoplasm 
and nucleus respectively of the hepatic cells themselves; there are 
substances, like glycogen, sugar, and fat, which are stored up by the 
liver-cells, or produced from stored-up substances ; there are certain 
constituents, such as gelatin and mucin, derived from the connective- 
tissue framework ; blood and bile may also be found if means have not 
been taken to remove these previously. There are also extractive 
aaatters like xanthine, hypoxanthine,'and uric acid ; and lastly a certain 
small proportion of inorganic constituents. 

The proportion of water present is roughly the same as in muscular 
tissue, viz.75 percent. The following numbers are given by v. Bibra :! 


. 1. Bibra, Chemische Fragmente iiber die Leber, 1849. 
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2. A nucleo-albumin coagulating at 70° C., yielding an insoluble 
residue of nuclein on gastric digestion. 

3, A globulin coagulating at 75°C. This was most readily extracted 
with a 10 per cent. sodium chloride solution. It also was wholly 
digested by gastric juice. 

4, Alkali-albumin. 

5. The nuclei contained nuclein. 

. have repeated Plész’ experiments with certain slight variations, 
and find that saline solutions extract the following proteids from the 
liver-cells :—! 

1. A globulin coagulating at 45° C. 

2. A globulin coagulating at 56° C. 

3. A globulin coagulating at 70° to 75° C. 

4, An albumin coagulating at 70° to 73° C. 

No. 1 is probably identical with what I have termed cell-globulin « 
(see p. 260). 

No. 2 resembles myosinogen in its coagulation-temperature, but like 
Piéez I have failed to tind any further evidence of myosin. I should 
propose the name hepato-globulin for this substance. 

No. 3 is cell-globulin (see p. 260). 

No. 4 is cell-albumin, but is present in the merest traces, and may 
be practically absent in many cases, 

T have failed hitherto to obtain any evidence of nucleo-albumins, 
Tam inclined to regard the hardening that occurs in the liver after 
death, and which is very slight, as not being comparable to the rigor 
mortis of muscle, but is more probably due to the solidification of the 
fat in the cells, which during life is liquid. It is, however, possible, 
as Plész suggests, that if coagulation does occur in the cells with the 
formation of a myosin-like clot, this takes place so rapidly that our 
present methods do not enable us to separate its precursor from the cells. 


The Glycogen of the Liver 


The glycogen of the liver-cells can be frequently demonstrated in 
them micro-chemically by means of iodine; glycogen is stained a 
reddish-brown colour by this reagent ; it occurs in globules or in 
irregular amorphous masses within the cells (Heidenhain*), and when 
abundant reduces the protoplasm of the cell to the condition of an open 
network which becomes very distinct after solution of the glycogen 
(fig. 80). 

Preparation of glycogen from the liver.—A rabbit is killed three or 


' Proc. Physiol. Sor. 1800, p. 
# Heidenhain, Hermann's Handbuch, 1880. 





_—_ 
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rendered colourless, and the salt solution | 
longer deeply tinged with blood, the liver 
boiling water acidulated with « little ac 
of glycogen is in this way extracted, and i 
are coagulated. Any ferment too which 










liver must be taken in the first instance, 
extracted until no more glycogen passes 
glycogen obtained from all the extracts n 
or the glycogen may be converted into sugar | 
acid and then estimated polarimetrically (Kiilz), 0 
solution. 
In the liver the glycogen is equally 
4 Belicke, Sitewngsber. der Wiener Abul. bit 214. 
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Gelatin increases the amount of glycogen in the liver (Bernard, 
Sslomon, Luchsinger). 

Proteid foods also increase the amount of glycogen in the liver 
Bernard, Finn,! v. Mering, Naunyn *). Some observers have failed to 
make out any marked increase (Dock, Weiss, Luchsinger). 

Glycerin undoubtedly causes an increase of the liver glycogen 
(Weiss, Luchsinger, Salomon). 

Ammonium carbonate increases the glycogen also (Réhmann?), 
and certain amido-compounds (asparagine, glycocine) act similarly 
{Réhmann‘). As sodium carbonate does not act in this way, it is 
suggested that ammonium carbonate does not exert its influence by 
reason of its alkalinity, but that ammonia and a carbohydrate entering 
the liver together may form new compound which will split into 
glycogen on the one hand, and a nitrogenous product, such as urea, on 
the other. 

Forster® obtained an increase in the glycogen of the liver by in- 
jecting a concentrated solution of sugar into the portal vein, and at 
the same time the urea in the urine was increased. Luchsinger § found 
that, by passing a stream of arterial blood containing grape sugar in 
‘solution through a liver just removed from the body, glycogen continued 
to be formed, and Seegen and Kratschmer? found that a calf’s liver 
after removal from the body continued to form glycogen even though 
no blood was passed through it. 

Prausnitz,® from experiments in feeding hens on cane sugar, con- 
cludes that the quantities of glycogen in the whole body, in the liver, 
and in the muscles run closely parallel to one another ; the maximum 
of glycogen-formation, as evidenced by the quantity found after death, 
‘occurs twenty hours after feeding. This is somewhat later than is 
stated by previous observers, and is certainly not coincident with the 
maximum of bile-formation. 

From such an enumeration of the substances that have been found to 
-cause an increase of the liver glycogen, one would be justified in at once 
concluding that the building up of glycogen in the liver is by no means 
asimple process. The following suggestive remarks bearing on this 
subject are taken from a paper by E. Pfliiger® on synthetical processes 
in the animal organism. 


1 Finn, Witrsburger Verhandl. d. phys. med. Ges. N.F. xi. No. 199. 

2 Naunyn, Arch. f. exp. Path. u. Pharm. iii. 85. 

3 Rihmann, Centralbl. f. klin. Med. 1884, No. 85. 

4 Rohmann, Pfliger’s Arch. xxxix. 21. 

3 Zeit. Biol. xi. 616. © Disa. Ziirich, 1875, p. 62. 
7 Pflager's Archiv, xxii. 88. 8 Zeit. Biol. xxvi. 871. 

® Pfliager's Archie, xlii. 144. 
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tore numerous. The importance of such synthesis occurring in living 
cells, resulting in the formation of molecules containing cyanogen, bias 
boon long insisted on by Paltiger himself (see p. 116). 

Researches on the formation of fat within the body show that here 
again there are undoubtedly syntheses occurring as the result of the 
activity of living cells; in fact, here again reactions occur which cannot 
be repeated in the Inboratory or explained by any known chemical 
law; they are probably therefore the result of a breaking down of 
tnolecules in the first place, and the living cells then build up entirely 
new materials of a complex nature from the simple carbon compounds 
0 liberated. In the synthesis of fats from carbohydrates the group 
CH.OH must be changed into CH,, and in the formation of carbo- 
hydrate (glycogen) from proteid the group CH, must be changed into 
CH.OH ; in both cases numbers of these groups become linked 





*From considerations such as these it is seen that the formation of 
a carbohydrate from a proteid is by no means « solitary instance of a 
chemical reaction occurring in the body which cannot be explained by 
known chemical laws. The more the chemistry of the living cell is 
studied, the more is it demonstrated how profound are the chemical 
revolutions it may bring about in organic compounds, and especially in 
proteids, which are substances particularly prone to undergo intra- 
molecular changes.’ 

The formation of glycogen (CyH\o0,) from sugar (C,H, 0,) is 
comparatively a simple process, consisting of the removal of a mole- 
cule of water. The ‘economy theory’ of the formation of glycogen 
was advanced by Tscherinoff as an attempt to explain the increase in 
the liver of that substance which followed on the administration of 
substances such as glycerin out of which the chemist in the laboratory 
was unable to make glycogen. The glycerin or other substance given 
‘was supposed, by itself undergoing combustion, to spare the glycogen 
which would have otherwise been used for the purpose, and so lead 
to an accumulation of the glycogen, There are, however, two weak 
points which render the economy theory 4 very unsatisfactory one ; 
‘one is that the administration of other eminently combustible sub- 
‘stances like lactic acid or alcohol do not lead to a similar accumulation 
of the hepatic glycogen ; and the other weak point is this, that the 
theory cannot be applied universally ; if it be extended so as to have a 
universal application, it comes to the same thing as saying that the 
glycogen is always the result of the proteid metabolism of the cella, 
Many careful experiments have, however, shown that glycogen is directly 
formed from carbohydrate food. I will here quote one such experiment 


. 











before death. From analyses of the 1 
‘it was found that 8-2 grammes of nitro 






been raised to it are groundless, 
After Bernard the question was 
| 1K. Voit, Zeit. Biol. xxv. 648. 


© § Pars, Guy's Hosp. Hep. 1858, vol. fy. p. 29 
on the Nature and Treatment of Diabetes, | 
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if the liver be removed from a healthy animal with sufficient rapidity 
after death, and boiled or scalded so ax to kill a supposed ferment, no 
sugar was obtainable from it, and that during life the blood in the 
hepatic vein contained no more sugar that the portal blood. Pavy,! 
however, subsequently admitted that the normal liver contains 0-2 
to 0-6 part per 1000 of sugar. The large quantity of sugar found in 
a liver after death was attributed to the action of a ferment which was 
considered to be formed in the blood from the solution of the blood- 
corpuscles? This ferment was considered to be a diastatic ferment, 
ie. one which like ptyalin and dinstase converts starch and glycogen 
into sugar. 

‘The quantity of sugar in the hepatic vein as compared with that in 
the portal vein is a very important point to settle in connection with 
this question, and this apparently simple investigation has been the 
subject of very contradictory statements. v. Mering’ found less 

in the blood of the hepatic than in that of the portal vein; 
Bleile,‘ like Bernard, found more; and Abeles,” like Pavy, found about 
the same amount in the two varieties of blood. Prof. M. Foster, 
on the subject in his ‘Text Book of Physiology,’® says: ‘In 
view of this conflicting evidence we shall not go far wrong in assuming 
‘that Bernard’s view is not as yet clearly disproved. The quantitative 
determination of sugar in the blood is open to many sources of error. 
When the quantity of blood which is continually flowing through the 
liver is taken into consideration it is obvious that an amount of sugar 
which in the specimen of blood taken for examination fell within the 
Timits of errors of observation might, when multiplied by the whole 
‘quantity of blood and by the number of times it passed through the 
iver in a certain time, reach dimensions quite sufficient to account for 
the conversion into sugar of the whole of the glycogen present in the 
liver at a given time.’ 

Others, puzzled by Pavy’s researches on the very slight increase or 
absence of any increase of sugar in the hepatic blood, considered that 
‘the glycogen of the liver is converted, not into sugur at all, but into fat, 
‘This view was chiefly based on the fact that carbohydrate food may be 
im some way or other a source of the fat of the body. In view of 
‘recent researches, however, this theory of the fate of the liver glycogen 
‘is unnecessary. 

Among recent investigators, Seegen has done most to add to our 
‘Knowledge on the subject. Many of his conclusions have not, however, 

1 Croonian Lectures on Diabetes, 1878. 7 Tiegel, Pfliger's Archiv, vi. 249, 

3 y. Mering, Arch. f. Anat. u. Physiol, 1877; Physiol. Abth. p. 412. 


4 Belle, Ibid, 1879, p. 75. 
* Abeles, Wien. med. Jahrbiicher, 1876, vol. ii. * Fifth edition, p. 736, 
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* Seogen and Kratschmer, 
? Physiol. Chem. p. 17. 








Sorment theory of the change of glycogen into sugar.—These 
just described that occur after death are no doubt indications 


b is always occurring during life; in the normal process of 
m, glycogen is formed from something else on the one hand, 
‘out as sugar on the other by the same cells, After death, ax 


“6 There is no necessity to assume the action of any special 
developed after death to account for the phenomenon observed, 
n fact Seegen and Eves have both shown that no such ferment can 
ti d from the liver in larger quantity than from any other 
of the body. We have, for instance, already seen that such a 
can be obtained from muscle (p. 412), and it seems that 
ie activity is present in all living proteids, The diastatic fer- 
which is obtainable is, however, not derived from the blood, but 


: Tfagers Archi, xxi 205. 4 Tbid. xii, 294, 
_® Wiener med, Jahrb, 1887, p. 383, 
'# Polish paper; Abstract in Maly's Jahresb, xvii, 304. 
© Arch, de Physiol. (4), i. 69. 
a ne se at On eles ee 
ep aes ns niin ns oe ine ae oe ‘That the 
robaites ite vitality for this length of time is supported by the fact that if « stream of 
| Mapai potend ste a caeled liver 16 cotinnos to fort bile for « couple of hours 
_ Belmulewitech, Ber. d. Siichs. Akad. d. Wiss. 1868) 











“The fat in the liver-cells can be re 
in the form of minute globules. ‘These a 
‘s meal, particularly after a fatty meal. 


greatest number in the so-called portal. 
in the outer region of the lobule, which 


into the blood-stream and leave the 
£ Efliger's rod. vii. 28. 


* Schorer, Ann. Chem. Pharm. evil. 314; Clottta, 
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When this function of the liver-cells is considered in addition to those 
already enumerated, we see the vast importance in analytical and 
especially in synthetical processes that is possessed by the mass of 
protoplasm we call the liver. 

‘Teucine and tyrosine do not normally occur, They are, however, 
found in the liver of cases of acute yellow atrophy, and in cases of 
phosphorus poisoning.! 

‘Various other substances have been described by various observers, 
‘but do not appear to be constantly present ; such as guanine, inosite, 
‘scyllite,? ecystin (in a pathological case),? sarco-lactic acid (probably 
formed after death).* 

A:substance, jecorin, containing phosphorus (C) ogH, 4¢N,SP304¢) has 
recently been separated from the liver by Drechsel." In its properties 
it somewhat resembles lecithin ; it however like sugar, but unlike 
lecithin, reduces Fehling’s solution. According to Baldi,® it occurs also 
in many other organs—spleen, muscle, brain, &e. 

“The so-called waxy or amyloid substance replaces the protoplasm of 
the liver-cells in the condition known as waxy degeneration, Tn this 
condition large quantities of cholesterin are also sometimes found in 
‘the liver.* 

The inorganic constituents of the liver.—These have been already 
enumerated ; it is now necessary to add a few words respecting one of 
‘the most interesting of these, viz. iron. 

Iron in the liver.—This has been the subject of « special research by 
SS. Zaleski? The liver was first thoroughly freed from blood by a 
‘stream of 25 per cent. cane-sugar solution. The quantity of iron in 
‘the blood-free liver was found to vary between wide limits, but it was 
‘constantly found in organic combinations in the liver-cells, especially 
with nuclein ; and one of the iron-nuclein compounds named Aepatin 
was isolated. The iron in these compounds is present in two, probably 
in three states of oxidation, in the ferrous, ferric, and ferroso-ferric 
states Of all the macro-chemical reactions for detecting iron the most 
delicate were found to be (1) that with potassium thiocyanate and 
hydrochloric acid, (2) that with potassium ferro- or ferri-cyanide and 

1 Sotnitechowsky, Zeit, physiol. Chem, iii. ¥9, 

# Frorichs and Stidelor, Mitth, d, Ziricher naturf. Gesellach. 1855, 

5 HoppeSeyler, Physiol. Chemie, p. 718. 

* Minkowski (Arch. exp. Path, u, Pharm. xxi. 14); Marcuse (Pfliger’s Archiv, 
‘xxix. 425) and Nebelthau (Zeit. Biol. xxv. 198) found that after extirpation of the liver 
Juctic acid appeared in the urine, * Journ. prakt. Chem: xxii, 436. 

® Du Bois Reymond's Archie, supplement, 1887, p. 100. 

1 Zeit, phyriol. Chem. x.463; xiv. 274. ‘This subject was rst brought iuto promi- 
nenoe by the researches of Quincke (Deutsch, Arch.-f. khin. Med. xxv. 607 ; xxvii. 202 
‘axalli, £4). See also Peters (Ibid, xxxii. 182). 














ate’ corpuscles, which, passing to the liver, is there transformed into. 
nt. This is erroneous, but the question will be considered 
B connection with the bile, Schitf and Herzen ' supposed that. 


n that this is, however, probably not the ease. 
- The spleen has been removed from healthy animals (Galen) and also- 
ram the human subject without any bad results following, In certain 







of iron is found in those organs (see pp. 301, 552). 
administration of toluylenediamine produces similar results to- 
ose observed in pernicious anemia (Engel and Kiener,? Hunter). 
In attacks of ague the spleen becomes enlarged, and this is apparently 
x d with increase of uric acid in the urine. After many attacks 
spleen becomes permanently enlarged and hard from the overgrowth 


LYMPHATIC GLANDS 


‘structures are composed of lymphoid tissue with an invest~ 

psule and trabecule of fibrous tissue. 

connective-tissue structures yield the sume chemical materials 

ss this tissue does in general, especially gelatin and mucin, The 
esas Hick, Med. Zahronh 270 | 100 (orginal papes Sn Balin See alwo 

A, Herzen, Pagers Archiv, xxx. 295 and 408, 


4 Tizzoni, Internat. Monateschrift far Anat. und Physiol, ix. 148. 
* Compt, rend. ev. 465. 
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THYROID 


‘This is also n cellular organ, and proteids (including globulin and: 
® mucin-like substance) and various extractives have been found in it. 
acids, xanthine, hypoxanthine, &c. by Gorup-Besanez, Scherer, 
and Stiideler), Alkaline in life, it becomes acid after death : 
this is due to sarco-lactic acid (Moscatelli). 

‘Tn the adult, the mucin-like material of the alveoli is converted 
into colloid substance, the properties of which were described in 
connection with ovarian tumours (p, 353). 

Cysts of the thyroid.—In the simple large cysts of the thyroid the: 
fluid is richly albuminous, containing 7 to 8 per cent. of proteids con- 

of both serum-globulin and serum-albumin, They may, however, 
he sometimes filled with colloid material, and very often numerous 
crystals of cholesterin are seen in the liquid. 

Altered blood-corpuscles and altered blood-pigment, such as. 
methemoglobin or crystals of hematoidin, are often found (Hoppe- 
Seyler ') 

Myxodemo.—The most constant pathological condition in this. 
diseaie is atrophy of the thyroid gland, its proper substance being 
replaced by fibrous tissue. The condition of the blood and connective 
tissues in this disease has been already fully described (pp. 304 and 
501). Horsley believes that some of the degenerative changes of old 
age may also be attributed to wasting of the thyroid, It is, however, 
possible that in this caxe the wasting of the thyroid is not the cause 
of senile decay, but only a part of the general wasting that occurs in 
old age. 

SUPRARENAL BODY 


‘The function of this organ is unknown, like that of so many of the 
other so-called ductless glands. It is composed again largely of cells, 
and in addition to the usual extractives present others haye been 
found by different observers; thus Cloéz and Vulpian® found 
hippuric and taurocholic acids, Seligsohn? found benzoic acid and 
taurine; Holm* also found taurine, It is possible that these sub- 
stances may be absorbed from the neighbouring gall-bladder and 
kidney. Kiilz® found inosite to be present, 

‘The medulla of the suprarenal is rich in nervous elements, and 
contains a substance which is soluble in water, and which furnishes. 

4 Physiol. Chem. p. 72%. 

* Compt, rend. \i. 1857, pr io; Gas. méd, de Paria, V85%, No, te 


® Diva. Berlin, 1858. 4 Journ. prakt. Chem. ¢. 60. 
* Sits. Marburger Ges. zu Beford. a. ges. Naturwias, 1876, No. 4.) 








‘most abundant is a nucleo-albumin ; 
passes into the saliva (Cammarsien tis 
‘The parotid cells contain no mucin. 

however, obtainable from the investing 
-adema (p. 504) the parotid cells, however, 


that of saliva, as it contains ptyalin, ' 
fully considered in connection with dig 


+ Gazzetta, xviii. 100; Chem, Soc, Journal, Most. 
> Sere: Ann. Chem. Pharm. xii 310. 
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KIDNEYS 


This is another organ, rich in cells, with a supporting framework of 

0 tissue, and one has for the most part merely to repeat what 
been already said for such organs. 

The calls sre arranged to line large numbers of tubules ; the rela- 


Here we have merely to deal with the general chemical com- 
of the organ itself. 

During life the reaction of the renal tissue is alkaline, after death 
‘becomes rapidly acid. Its specific gravity averages 1050, 
gives the following numbers relating to the amount of 


‘The following extractives have been obtained by various observers ; 
hypoxanthine, creatine, taurine, leucine, cystin, urea, uric 
glycogen, and inosite, 
‘The kidney also contains a small proportion of inorganic salta 
Pathological conditions.—In casex of poisoning by alcohol or phos- 
_ phorus, in septicemia, in various specific fevers, and in certain forms of 

right’s disease, the renal cells undergo a fatty degeneration : this in 
stages produces what is called cloudy swelling, 
Th certain other forms of Bright's disease, the interstitial con- 
tissue may be more particularly affected, leading to its over- 
In this condition the amount of gelatin and mucin obtain- 
from the kidney is increased. 
q In gout, there is not only a hardened kidney, due to connective- 
tissue overgrowth, but deposits of urate of soda may also ocour, both 
__ within and around the tubules (see p. 510), 

The kidney may, like the liver and spleen, undergo waxy de- 
} § Gottwalt, Zeit, physiol, Chem. iv, 481. 

* Lhave found that the proteida present in the kidney are globulits, one of which 

h congulates at about SIC.,and the other at 70°-75°; there is also a nucleo-albumist which 


‘becomes viscoun on mixing it with solutions of sodium chloride, as js the case with 
Tymph-ctile (see 1. 200). See Proc, Physiol, Soc. 1890, p. vii. 
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glycogen ; in the lung of the embryo 
large an amount as 50 per cent. of the 
the adult lung. Lastly there is a small p 





4 Compt. rend. Soe. biol. (2), ¥. 5%. 
* Virehou's Archiv, xvi. 58. 
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and carbonate) mixed with small quantities of organic substances, like 
mucin and albumin. 

In tubercle and phthisis generally, the chemical composition of the 
lung differs with the very various physical conditions that may be 
present, such as consolidation, fibroid overgrowth, softening, breaking 
down, calcification of tubercular deposit, &c, The term caseation as 
applied to a certain stage in the breaking down of a tubercle (which in 
origin is a mass of lymphoid tissue) is one derived from the cheesy 
appearance of the deposit ; there is no proof that any substance of the 
nature of casein is formed. It appears to be a stage in the fatty 
degeneration of the cells. 

The presence of the tubercle bacillus in cases of phthisis is constant. 
The very remarkable statement has been made by E. Freund,' that the 
‘tissues, blood, and pus of tuberculous patients contain cellulose, and 
apparently the amount of cellulose stated to be present is greater than 
would be accounted for by the presence of cellulose in the cell-walls of 
the bacilli themselves. 

In pneumonia, the alveoli become filled with proliferated cells, 
and lymph exuded from the blood-vessels ; the lymph coagulates, and 
thus the lung tissue is solidified, producing the condition known as 
hepatisation. Budde? attributes the coagulation that occurs to the 
presence of a large excess of very active fibrin-ferment in the tissues in 
this disease. When speaking of the occurrence of intravascular 
coagulation (p. 305), the fact was mentioned that solution of the clot 
often takes place with great rapidity ; a vessel that is hard to the 
touch like whip-cord, from the presence of a clot within it, may in a 
few hours become perfectly pervious. The same holds with regard to 
the lung in pneumonia. Every clinical observer is familar with the 
rapid re-solution that occurs in cases of recovery from pneumonia. 

The functions of the lung in respiration (Chap. XIX), and the 
composition and variations in the sputa in different conditions (p. 447), 
thave been already considered. (For Charcot’s Crystals sce pp. 303, 
563.) 


TESTIS 


The observations that have been made on the testis, and its secre- 
tion, the semen, are mostly of a fragmentary nature. A large pro- 
portion of the chemical constituents of the organ is composed of 
proteids, or substances closely allied to proteids, of which the most 


1 E, Freund, Wiener med. Jahrb. 1886, p. 835. 
# Budde, Ueber das Fibrinferment, Wiirzburg, 1889. 
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are proteid matters. Miescher ascribes the formula CysH,gNgPsOgo 
to the nuclein obtained from the semen of the bull. In containing no 
sulphur this nuclein differs from that obtained from pus-corpuscles. 
By mixing semen with 10 to 15 per cent. sodium chloride solution, the 
outer portion of the spermatozoa swells, and thus a slimy, jelly-like 
mass is obtained. The nuclein of the outer covering of the spermatozoa 
does not appear to be in combination with a proteid, but with a base 
called protamine, to which Piccard,’ from an examination of its platinum 
compound, has ascribed the formula C,,H;,N,03. Another organic 
substance akin to a proteid was described in spermatozoa by Miescher ; 
it was found to contain 4 per cent. of sulphur. 

Next to nuclein and proteids the chief organic substance present in 
spermatozoa appears to be lecithin (Diaconow *). 

Cholesterin and fat are also fairly abundant. Miescher gives the 

* following percentages for the spermatozoa of the salmon :— 


Nuclein . . + 8 «48°68 


Protamine . . . . - 26-76 
Proteids . z, é a « 10°32 
Lecithin ‘ . . . » TAT 
Cholesterin . . ‘i - 22d 
Fat. . . ‘ : £53 


In addition to these, small quantities of the other extractives already 
mentioned as being obtainable from the testis are present. 
'™ The crystals generally described as Charcot’s crystals (p. 303) are 
said to form in human semen on evaporation (Béttcher*). Schreiner 
considers these crystals to consist of the phosphate of a base of 
which the formula is C,H,;N, and to which he gave the name 
spermine. This substance appears to be identical with the base called 
ethylenimine, which can be prepared artificially from ethylenediainine 
hydrochloride.S 

The name spermatin has been given to the mucin-like substance in 
semen (Vauquelin, Kélliker) (see p. 145). 

The prostatic secretion.—This secretion is slimy, opalescent, and 


1 Ber. d. deutach. chem. Gesellsch. vii. 1714. 
2 Diaconow, Hoppe-Seyler’s Med. Chem. Unters. ii, 921; iii. 405. 
3 Arch. f. pathol. Anat. xxii. 525. 
4 Liebig’s Annalen, cxciv. 68. In the account of the crystals‘on p. 808 the formuls 
is incorrectly given. 
5 Ladenburg and Abel, Ber. d. deutech. chem. Gescllech. xxi. 758. 
oo2 
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The lens.—The crystalline lens of the eye is composed of many 
layers of fibres which are in origin elongated epithelial cells. It is 
enclosed by a capsule which is homogeneous, and resembles elastin in its 
ingolubility. 

The specific gravity increases from the centre outwards from 1194 
to 1076 (Chevenix ') ; the refractive index also increases in the same 
way. The reaction of the lens is alkaline, 

The following are the results of ls made by Laptschinaky :—* 


Water. . . . + 63:50 
Soups . » . . s + 36:50 
Proteids . . . a . 3493 
Lecithin . . . . + 0:23 
Cholesterin . a . z + 0-22 
Fats. 5 “ . a - 0:29 
Salts. 4 . + 082 


The proteid present is a globulin ; ; albumin is absent. ‘The name 
globulin was first given to this proteid, and afterwards extended to 
include other proteids which form the well-defined class we call 
globulins, The name crystallin was then given to this particular 
globulin by Berzelius. Hoppe-Seyler describes crystallin as very like 
vitellin in its properties. It coagulates on heating it to 70° C. 
Laptschinsky speaks of this proteid as being fibrino-plastic ; Kiihne 
says this is not the case. 

Cataract.—This may be due to the formation of vacuoles in the 
lens-fibres in cases of diabetes ; this is the condition, produced in 
frogs by injecting sugar into the circulation. 

The opacity produced in the lens after death is caused in a similar 
way, and is not due to the coagulation of proteid, such as occurs in the 
rigor mortis of muscles. 

Ordinary senile cataract is, however, a fatty degeneration, and the 
opacity appears to be chiefly due to the deposit in a crystalline form of 
cholesterin in the lens ; at the same time the proteids are diminished 
in quantity. Cahn® gives the following percentages of dry residue in 
@ case of cataract :— 


Proteids . . . . + 85°37 

Cholesterin . 0. 0. ww ABS 

Tecithn . . . .  . 0-803 

Fat . * e . . » 119 

Salts. e . . 386 
Calcareous salts are said to be @ acéaiignally deposited in the lens. 
1 Kihne, Lehrbuch, p. 404. 7 Laptschinaky, Pfliiger’s Archie, xiii, 681. 


3 Hoppe-Seyler's Physiol. Chem. p. 693. 
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THE EAR 


The pinna consists of elastic tissue (p. 473) covered by skin, The 
external auditory meatus is composed of hyaline cartilage (p. 48l) 
The composition of perilymph and endolymph (p. 351), and otoiths 
(p. 496) has already been described. Beyond this there is as yetm 
chemical knowledge of this organ. 


THE SKIN 





The epidermis is a stratified epithelium ; its surface layers are homy 
in nature. This is especially marked in nails, hoofs, horns, and hain. 


(For Keratin, or horny material, see p. 452.) 


The deeper layers of the epidermis (Malpighian layer) are prow 
plasmic. 
The true skin is composed of fibrous tissue (see p. 467). a 


The secretions of the skin will be taken later with other secr- 
tions of the body. 


In ichthyosis there is a great increase in the horny layer of the epidemi: 
there is also found a quantity of fat, cholesterin, and hippuric acid. In pellapw 
fat and cholesterin are also found, with a little leucine and tyrosine. In bat 
disenses the ash of the skin contains much silica. 
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CHAPTER XXVI 
Foop 


Foops are the substances which are required for the nutrition of the 
body. It has been calculated that a man of average weight loses about 
1000 grammes of matter daily ; this passes out in the expired air, the 
urine, sweat, feces, and other excretions ; the substances that pass out 
are comparatively simple bodies, like water, carbonic acid, and urea, 
formed in the chemical decompositions always going on in living 
matter. 

Food is necessary to replace this waste if the body-weight is to 
remain constant; but the substances taken in in the form of food 
undergo many changes before they ultimately become a constituent 
part of the body. The changes are partly of a physical nature, such as 
mastication in the mouth, a thorough mixing by the peristalsis of the 
stomach, and solution in the watery secretions of different parts of the 
alimentary tract ; these same secretions also fulfil a much more im- 
portant function, namely, that of causing chemical changes in the food, 
converting insoluble into soluble, indiffusible into diffusible substances. 
These two sets of changes, physical and chemical, constitute what is 
called digestion. Absorption follows digestion ; that is, the products 
of digestion pass through the walls of the alimentary canal into the 
blood or lymph circulating there. The blood- or lymph-stream carries 
the absorbed products to the tissues, which take them and make them 
part of themselves: this is assimilation. In some cases, however, 
assimilation may not occur immediately, but an organ like the liver 
may intercept such an absorbed material as sugar, and store it (in the 
form of glycogen), giving it out by degrees as it is wanted. 

Before we can study the chemical processes concerned in digestion, 
absorption, assimilation, and nutrition, it is necessary that we should 
be acquainted with the raw materials, the foods, on which the digestive 
juices act. 


THE PROXIMATE PRINCIPLES OF FOOD 


If we examine the food-stuffs, such as milk, eggs, meat, and 
vegetables, we find that they are mixtures of various inorganic and 
organic materials, which are named proximate principles ; and, more- 
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over, the chief proximate principles of food are in the main the same 
as the chief proximate principles of the body they are destined to build 
up. They may be classified as follows :— 


Water. 
Inorcanic . . . . . « - Salts, e.g. chlorides, phosphates, carbon- 
ates of sodium, potassium, calcium, &c. 
Proteids,e g. albumin, myosin, casein, &e. 
Albuminoids, e.g. gelatin, chondrin, 
nuclein, &e. 
‘Simpler nitrogenous bodies, lecithin, 
creatine, &e. 
Tron-containiny compounds.! 


Nitrogenous. . - 
Oraanic 


Fats, e.g. cream, fats of adipose tissue. 
(Carbotydrate, e.g. sugar, starch, &c. 
Simpler organic bodies, e.g. alcohol, 


Non-nitrogenous | 
vegetable acids and salts, é&c. 


Liebig inaccurately divided the organic foods into assimilable or 
plastic (proteids) and combustible or respiratory (fats and carbo- 
hydrates) ; we, however, now know that all varieties of food are both 
assimilable and respiratory. 

Water.—It is recognised as a matter of every-day knowledge that 
a good water supply is essential to the health and well-being of the 
community. The water used for drinking must be clear, odourless, 
and colourless. It must not be contaminated with sewage, nor with 
the pathogenic bacterin apt to occur in sewage. For the purposes of 
safety it should be filtered through an efficient filter, or, better still, 
boiled before it is consumed. Distilled water is insipid ; rain water 
has the same disadvantage ; the softness of water, i.e. its freedom from 
salts, deprives it of its pleasant taste. The salts of spring or river 
water vary immensely according to the rock through which the river 
or spring passes.2 When the salt (magnesium sulphate, iron salts, 
&ec.), or gas (carbonic acid, sulphuretted hydrogen, &c.) contained in any 
special spring, is accentuated either in quantity or quality, the water is 
often found to be useful as a therapeutic agent. Pure water alone, 
without any specially dissolved salt, is also a most useful addition to 
the physician's stock of remedies. The subjects of water analysis, of 


1 There ix nome doubt whether inorganic compounds of iron are absorbed (tee p. 800); 
iron-containing foods are therefore classified with the organic proximate principles. 

3 A good drinking water should not contain more than twenty degrees of hardness, 
i.e. twenty parts of lime in 100,000 of water. 
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water as a therapeutic agent, and of mineral waters are obviously too 
large to be treated of in a work on physiology. 

Water is taken into the body, not only as water pure and simple, 
but all other forms of food, and especially beverages, are composed of 
water mixed with something else. Even the solid foods contain large 
proportions of water ; meat, for instance, contains about 75, bread 37, 
milk 86, eggs 74, potatoes 75 per cent. of water. 

Inorganic salts.—The importance of these agents in nutrition has 
been already dwelt on ; they are daily excreted in certain amounts and 
must be daily replaced by the same or approximately the same amount ; 
and the enumeration of the salts of the body (p. 60) is also an 
enumeration of the salts of the food. Sodium salts, especially the 
chloride, are essential. About twenty grammes of sodium chloride is in 
the mean taken per diem, partly in the articles of diet themselves, but 
mostly in a separate form as a condiment. This salt doubtless supplies 
the chlorine for the acid of the gastric juice. Potassium salts are found 
more abundantly in muscle, nerve, and other solid structures of the 
body, and are especially contained in meaty foods and in potatoes, 
Calcium salts, particularly the phosphate and carbonate, are more 
especially necessary for bone and tooth, but are also universally dis- 
tributed in the tissues, though in smaller proportions ; these salts are 
chiefly derived from milk, eggs, cereals, and other vegetables. Iron is 
found not only in hemoglobin, but also in the organs, such as liver and 
spleen, and in most of the fluids of the body, in milk, in eggs, and in 
many vegetable foods. Probably the iron absorbed from the alimentary 
‘canal is furnished wholly by organic compounds of iron formed either 
during plant life or during the life of other animals, being there again 
ultimately derived from plants. Bunge! terms these organic com- 
pounds of iron hematoyens. The following table compiled by Beaunis ? 
gives the percentage composition of the ash of various foods :— 








| Fort | Potash! Lime Magnenia Soda | SaCl Ironorile; #40, $0,” Sten 


Milk. . 0-05 006 
Muscle | ‘3 

Brain, . 1] 
White of egg | 


| Yolk of egg | 
Wheat . .' 


FE: - 








1 Lentils . 








1 Bunge’s Physiol. Chem. transl. by Wooldridge, 1890, p. 100. Heematogen in most 
‘cases appears to be a compound of iron and nuclein, 1 Physiol. humaine, i. 621. 
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‘Food-stufts i Water , Proteids Starch ‘Sugar Fat 

Bred 2. .! 387 x 47 3 2 
Wheat flour. . 16 | ll 66 42 A 17 
Oatmeal. : -| 15 126 | 58 a 3 
Rice. 1 1 1) 18 6 79 O4 05 
Pes. 2) 1! 15 23 55 2 2 
Potatoes. . . | 15 | 2 1 | 3 1 07 
Mik . 2) 1] 86 4 = 4 3 08 
Cheese 1 1.) 37 | 33 au ey 5 
Lean beef : | 72 io | = | ze | 5 
Fat beef . 51 | out -— | - 4 
Mutton . 72 1k - - | 5 
Veal . 1 16 = te 4 
White fish 7% | 18 = = 1 
Salmon . . 7 ; 16 - ‘as 

2 F “m ' 14 = = , 1S 
Butter. oe, -!t- = 27, 
Oats 2. 2 2) 12 | 10; 7 —11-2(cellulose) Weegee 
Hay ....| 1 | 9 { 41 (297 # ome 
Rye straw . |! 14 4 3540 i | 6 
jase 2 of By BB 8 | 8 ke | 2 





the offspring, the cells are larger and are continually undergoing a 
fatty degeneration. They disintegrate, and the fat-globules so liberated 
float in a clear liquid which is also secreted by the cells from the lymph 
circulating in the gland. 

The mammary glands of male animals are inactive; there have, 
however, been exceptional cases in the human species, as well as 
among lower animals, in which a secretion has been obtained from the 
mamme of the male.! 

The mammary glands of new-born animals of both sexes secrete a 
small quantity of milk for a few days; it is popularly termed ‘witches’ 
milk.’ It does not differ qualitatively from the milk of the adult 
female, but it does differ quantitatively ; but the few analyses that have 
been made show great variations in the amouuts of the «different con- 
stituents present (see Tables of Analyses). 

The mammary glands themselves, apart from their secretion, do not 
seem to have been chemically investigated in a thorough manner. 
Their protoplasm, nuclei, and interstitial connective tissue have doubt- 
less a similar chemical structure to that of these same constituents in 
other situations. Bert? found in the secreting glands a substance con- 








1 Schlossherger (Ann. Chem, Pharm. li. 481) analysed a specimen from a he-goat ; he 
found the milk was alkaline aud contained 9°6' per cent. of proteidy and insoluble salts,. 
2°05 per cent. butter, and 2°6 per cent. Inctose and soluble sults. 

2 Gaz. hebidom. 1879, No. 2. 
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yee shell of casein. Ascherson! showed that with an artificial emulsion 
Se@ ail in an alkaline albuminous fluid the oil drops became coated with 
edge nd Quincke* demonstrated the same fact, in which mucilage 
used instead of albumin ; each oil droplet had a gummy envelope. 
in certainly is not in solution in the milk-plasma or only in small 
., ntities ; if milk be filtered under pressure through a porous cell, the 
H@ltrate is free, not only from fat-globules, but from casein also.3 The 
@Afferent methods employed for precipitating casein cause also a pre- 
eipitation of the fat with it. In spite of these facts, however, Hoppe- 
ler‘ regards it as improbable that the greater part of the casein is 
ent in the form of casings for the globules ; he obtained the same 
ant of casein from cream as from portions of milk below the cream. 
part of the casein around the globules is therefore, if present, 
derable. Hoppe-Seyler also states that it is not so difficult, as 
ed by the earlier observers, to remove the fat by simply extracting 
h ether ; after the fat has been thus removed the fluid is still cloudy, 
this is from the presence of the particles of casein and nuclein which 
e described by Kehrer. 
Reaction —This is nearly always alkaline. Milk turns readily 
dor sour as the result of fermentative changes, part of its lactose 
g transformed into lactic acid. In carnivora the milk is acid; in 
erbivora an amphoteric reaction is often observed, the acid sodium 
osphate in it (H,NaPO,) turning neutral litmus paper red, and tne 
e sodium phosphate (Na,HPO,) turning it blue. 
Specific gravity.—This is usually ascertained with the hydrometer. 
* That of normal cow’s milk varies from 1028 to 1034; when the milk is 
‘skimmed the specific gravity rises owing to the removal of the light 
¥ constituent, the fat, to 1033 to 1037. This, fraudulent milk-vendors 
B correct by the addition of water. Tables of specific gravities are 
published for the guidance of analysts, which indicate the purity of 
milk when skimmed and unskimmed, these numbers varying with the 
Q amount of water added. 
r Amount secreted.—The quantity of milk secreted by a woman is 
+ about 700 to 800 c.c daily, sometimes as much as a litre, and sometimes 
even more when the mother is suckling two or three children simul- 
taneously. A good cow secretes six to seven litres daily. 
Quantitative composition of milk. “The quantitative composition 
of milk varies in different classes of animals ; it also varies with the 
state of nutrition, the constitution, and perhaps with the age of the 



















1 Arch. f. Anat. u. Physiol. 1840, p. 58. Pflager’s Arch. xix. 1879, p. 129. 
3 Zahn, Pfliger’s Arch. ii. p. 298. + Hoppe-Seyler, Physiol. Chem. py 725. 
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individual. I aim indebted for the following tables principally to 
Hoppe-Seyler’s work on ‘Physiological Chemistry.’ 
1, Human milk,-—The milk of new-born children (witches? milk). 





Constituents u uw m 








‘ 9630 89:40 95-703 
: 370 10-60 4295 
‘ = \ ; 0-587 
: = irr Pe. 0-490 
; oe 140 14560 
: — \ ; 0956 
: 0-05 830. 0826 








This milk like all human milk is alkaline. Witches’ milk obtained 
from foals by Ammon‘ was acid, but this was probably from fermen- 


tation having set in. 
2. Human colostrum.—The following analyses are by Clemm,’ with 
the exception of the last, which is by Tidy: * 





te! 17 Daya be- ithe] 2 Davs after 














i 
| Constituents rhpe livers fore delivery i weliverye | Tacliversy | 

: f 
Water . 2. ., 85197 | seare 84077 | 
Solids. . * 14803 14828 15-923 
Case 2 gs ss 
Albumin . . | 

Fat. A | 

| Lactose | 

Salts. 5 | 





O48 | OEE = 





The liquid is yellower than pure milk ; it is strongly alkaline ; it 
contains the colostrum corpuscles already described. It contains 
rather more solids than milk, a smaller quantity of casein, and a very 
much larger amount of proteid coagulable by heat; this is termed 
albumin in the above table; it is really globulin and albumin :? 
globulin is absent in normal milk. 





1 Schlossberger and Haufl, Ann. Chem, Pharm. xev 
(az, méd. de Paris, 1 
3-V. Genser, Jahrb. s. Kinderkrankheiten, SE. 
y's Tahresh. ne, 

R. Wagner, Handiirterb, d, Physiol. ii. 464, 
Toad Hospital Reports, 1867-%, p. 
» Zeit, physiol. Chem. xi 


























3. Normal human milk, 











Clemm i 
Constitnents Cee ay Tay Biel' [Christen * 
9 Days after | 12 Days after 

delivery | delivery | 
Water . 88582 90581 86271 | 86-32t088-79 87-24 
| Solids 11-418 9419 13-729) 11-21,, 13-68! 12-75 
i ; 386A | 2911 | 2-960 1°68 ,, 1:90 
3582 3345 5370 | 259, 4°32 
4298 | 3-154 5136 | 579, B97 
Salts. 028 





0169 | 0-194 0-223 iene 





On account of the difficulty in separating casein and albumin in 
human milk, they are given together in the above table. Other 
observers have, however, determined these two proteids separately ; 
thus Tolmatscheff* found 1-28 of casein and 0-34 of albumin per cent.; 
Makris‘ found 1:8 to 4:8 of casein, and 0-7 to 1°7 of albumin per cent. 

The gases of human milk have not been investigated. 

Vernois and Becquerel > have investigated the influence of age on 
the quantitative composition of human milk, but with no specially 
interesting results. The same authors state that menstruation lessens 
the amount of lactose, but increases that of fat and casein. 

The milk of blondes contains less casein and sugar, but more fat, 
than that of brunettes (L’Heritier®) ; Vernois and Becquerel agree 
with L’Heritier only so far as the casein is concerned ; while Tolmat- 
scheff could find no constant difference atall. It is indeed probable 
than other causes than complexion were at play in the cases observed 
by the French chemists just mentioned. 

4. Artificial human milk.—Many recipes have been given to enable 
mothers who cannot suckle their children to prepare from cow’s milk 
amilk like their own. Cow’s milk is poorer in sugar, but richer in 
casein and butter, than human milk. Frankland gives the following 
table contrasting the milk of woman, ass, and cow :— 


Woman As Cow 
Casein ‘ i . 2 17 42 
Butter i . . 35 13 38 
Lactose e . A 50 45 36 
Salts a . ‘ 02 05 is O7 
1 Maly's Jahreab. 1874, p. 168. * Dissertation, Erlangen, 1877. 
3 Med. chem. Unters. ii. 272. 4 Dissert. Strasburg, 1876, p. 31. 


5 Compt. rend. xxxvi. 188, 
© Traité de chimie pathol. Paris, 1842, p. 688. 
PP 
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The following are the principal recipes for preparing artificial 
human milk :—! 


(a) Cow’smilk . . - 600 grammes 
Water . ‘ é e . 3395 ms 
Cream . . . . ” 
Lactose . : : » 15 


Calcium phosphate . . 1:5  ,, (Coulier) 


(6) Heat half a pint of skimmed cow’s milk to 35°; add rennet. 
After ten to fifteen minutes, break up the curd finely, strain the 
whey off, and boil it, adding 110 grains of lactose. Strain again, 
and add it to two-thirds of a pint of fresh cow’s milk and then two 
teaspoonfuls of cream, ‘This should be freshly made every twelve hours 
(Frankland). 

5. Cow's milk.—The following analyses of the milk and colostrum 
of the cow have been made :— 








Constituents Colostrum? wine | 


Water... . . . 78Tpercent. 4-28 per cent. 85 to 86 per cent.’ 
Solids a3, 6, MB» | 
p@asein 2 2... TBO cnn ce oes 
Albumin, 2 2 2 2. TH og Om 108, 05 
Bat oad a bow AD” vig OT oy i 4 ow 
Lactose. 2 2. By 434, 13, 6 4 | 
VRalts cc ee 063 = 
‘Specific gravity . . | 1046 to 1065 «1028 to 1034 a 

1 


Gases of cow’s milk. Tn 100 volumes of milk the following pro- 
portions of gases were obtained at a metre pressure and 0° C. :- - 


Gases ae ut ms we, 
Nitrogen 2 2. Vl V4! 0-70 O-K0 
Oxygen... . - O16 032 | 0:10 on 
Carbonic acid. 5. 6T2 bol} 760 760 





The reaction of cow’s milk is weakly alkaline ; it, however, soon 
turns acid, and often shows an amphoteric reaction. The colostrum, 
as in huinan milk, is richer in albuminous solids than the fully formed 


1 Charles, Physiol. Chem. p. 302, ? Fleischmann, Das Molkereiwesen, &c. p. 89. 
3 The mean of numerous analyses collected by Gorup-Besanez, Lehrbuch, 1878, p. 434. 
4 Similar mean calculated by Hoppe-Seyler. Some recent analyses of milk by 
Tatlock (The Produce of the Duiry, Glaxgow, 1888) will be found in Dr. MeKendrick’s 
Physiology, vol. ii. p. 
> Setuchenow, Ze 











rat. Med. x. 285. © PAltiger, Plager’s Archie, ii. 166. 
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milk, Cow’s milk is whiter and more opaque than human milk ; the 
easein differs somewhat from that of human milk (ser p. 583). The 
quantity of contained gases is small, the nitrogen and oxygen being 
probably derived from admixture with a 

The evening milk is richer in solids than that of the morning.! 
Different species of cows differ in the richness of their milk.? A good 
milk goes with good feeding and general good health of the animals. 
Excessive muscular work produces a milk very rich in albumin, so 
that, like colostrum, it coagulates on boiling (Fleischmann). 

6. The milk of other animale—The composition of the milk of « 
large number of other animals may be conveniently collected into a 
tabl 











Animal j Remarks 


Acti like that of all car- 
nivora : rich in casein, fat, 


fogs... 46 








by starchy foods* 
wae + = 1 + 1+ [Clonely “resembles cow's | 
init except in smell and 
taste 





t " 
-fiztonatbto17 457 Ato Stoay OU | Remarkable for the high | 
: Percentage of fat 
a ey ee Sr = 
S] nes 137 a7 295K 08 me 
0 10 ru) v3 1S oS | os Alkaline, selom neutral 
Lilees 7s 13 os: Oe 47) | 3 |The casein is more lke 
}o 8 108 1357 | oS | thatof human than cow's 
milk. This isthe milk 
; i used” originally in the | 
manufacture of Koumlat | 
i] i and kephir in Russia, but | 
that of the cow fsemployed 
goat | f 1 in this country) 
wos | os, 1 1M 40 = 
so [a1 x5 1s) 3 8 = 
83 | 17 7 tori coe 
sie | 182 33 6 | 6 uw = 
0 lu 43 Ml 








! Strackmann and Bideker, Ann. Chem. Pharm, xevii. 150. 
1 See Fleischmann. 
Kahn and Fleischer, Landtirthsch. Versuchstationen, xii. 405. 
4 Simon, Die Franenmitch, Berlin, 188; Dumas, Compt, rend. xxi. 707. 
Bensch (Ann. Chem. Pharm. txi. 221) and Poggiale (Gaz. méd. (3), x. 259) lessened 
but did not abolish lactone by feeding on flesh only. See also Kemmerich (Centralbl. 
med. Wiss, 1866, No. 30) and Seubotin (ibid. No. 22), 
® Vernois and Becquerel, Union medicale, 1% 
7 Dragendorf, Chem, Centralbl. 1887, p. 78. 
© Average of three anulysex by Biel, Maly's Jahresb, 1864, p. 171. 
® Soxhlet, ébid. 1878, p. 153. 10 Weiske and Schroat, ibid. 1878, p. 151. 
4 Gubler and Quévenne in Gmelin’s Handbuch, viii. 267. 
1? Vernoia and Becquerel. 15 Leutner in Gorup-Besanez’ Lehrbuch, p. 424. 
44 Chem. Centralbl. 1871, p. 149. 
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5 per cent, solution of sodium chloride. 

be precipitated by excess of alcohol, dr 
+ Prof. Foster in the Sth edition of his 

proteid as it exists in the milk (caseinogen); he 
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when required. One part of such dry powder will cause curdling in 
200,000 parts of milk. 

Hammarsten,' and later Friedberg,? showed conclusively that the 
active principle of rennet is not pepsin; that it requires for its efficient 
action the presence of calcium salts, especially of the phosphate ; and 
‘that it will act in a weakly acid, neutral, or alkaline solution. Tt acts 
‘most readily at about the temperature of the body or a little higher 
(40° C.), and is destroyed by a temperature of about 70°C. The true 
ferment contained in rennet is termed ehymoxin by Friedberg,® and 
vennin by Foster ;9 this observer confirms the observations of Ham- 
maraten, that pure pepsin has no coagulative power on milk. 

‘When rennet is added to cow’s milk the result is a coherent clot or 
curd, which expresses a clear yellowish fluid, the whey. The curd 
contains the fat entangled with the casein ; the whey contains the 
albumin, salts, and sugar. In human milk the curd is composed of 
smaller flocculi, and « similar flocculent coagulation can be produced 
in cow's milk by previously boiling it, or by adding lime water, or soda 
water to it. This renders the milk less irritating to a delicate stomach. 

Caseinogen.—This proteid may be precipitated from milk by the 
addition of acids, or by saturation with neutral salts, like sodium 
chloride or magnesium sulphate. In both methods the fat ix en- 
tangled with the precipitate, and, when the saturation method is used, 
the adherent fat renders the precipitate so light that it floats on the 
surface of the concentrated saline solution, Thave obtained caseinogen 
‘most satisfactorily by combining the two methods. Milk is first saturated 
with magnesium sulphate ; the precipitate of caseinogen and fat is 
collected on a filter and washed from milk-serum hy « saturated solution 
‘of the same salt. Distilled water is then added to the precipitate on 
the filter ; this, in virtue of the salt adhering to the precipitate, dissolves 
out the caseinogen, and the fat is left on the filter, while the solution 
of caseinogen in dilute magnesium sulphate solution passes through 
the filter and is collected. From this solution the caseinogen 
is precipitated by means of excess of ncetic acid; it is collected, 
thoroughly washed, dissolved in dilute alkali such ns lime-water, and 
‘purified by repeated precipitation with acid and re-solution in alkali. 
Té the caseinogen has been washed completely free from all calcium 
phosphate (a long and difficult process), the addition of rennet to the 
solution causes no formation of casein; but rennet plus calcium 
Phosphate will produce almost immediate clotting at 40°C. ; the 

4 Maly's Sahresb. 1874, p. 195. 


* Joupn. of the American Chew. Soo, May 1888, p. 15. 
% Teat-book, 5th edit. p. 410. 
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of human milk is more difficult to pro- 
ey setts (ier bon ickd) und sane jondSty peaiselta cad 
n sulphate than that of cow’s milk, There are also stated 
area i moi, Pomel Casein is the chief 














prodaces the change in the cascinogen, and that the enscin so formed 
jeeperato out unless the calclum-salt is . Green® suggests that 


; this curd is more soluble in cold than hot water, so resembling other 
its. Whether, however, casein normally formed by rennet is nothing 
‘& cascate of lime must be for the present regarded as uncertain, 
bumin.— After the precipitation of caseinogen by magnesium 
‘this proteid is left in solution. It can be incompletely 
ited from this solution by saturation with sodium sulphate. 
between 70° and 80°; in cow's milk, which I have 
‘examined, at 77°C. It is not separable, like serum-albumin, 
proteids by fractional heat-coagulation, It moreover ix 
d by heat very slowly. The solution must be kept some 
at 77° before the proteid is entirely precipitated. Its specific 
power" is (a), = —36°, Its elementary analysis gives the 
percentages: ©, 52:19; H, 718; N, 1577; 8 173; 
ie liitardiffers trom nersim-albouitn in spevifio rotatary power, 
igh percentage of sulphur, and in its solubilities. The seum 
forms on the top of milk when it is boiled is probably in part 
luced by the cougulation of the lactalbumin by heat ; this earries 
‘the surface a little caseinogen and fat. If the scum of boiled milk 
‘Brodert and Schriter, Centralbl, f. Agrieuttar-Chentie, Ys. 
* Journ. of Physiol. viii. 871. + Proc. Physiol. Soe, 1800, py be. 
Do Gebstien, Says Jakreb. xv. 104 
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SOee nd bec aie fie aemeet p 
in solution was called peptone ; this was 
# ‘The reason that boiled milk will either not 
milk, is that by boiling, » part of the dissolved « 


* Randnitz, Zeit, physiol, Chom. xiv. 1. 














turated with ammonium sulphate ; the precipitate, if any occurs, 
of proteoses ; the proteid in the filtrate, if any is present, is 


By this method of testing, fresh milk and whey from fresh milk are 
d to be free from proteoses, Sour milk or whey from sour milk 
a good quantity of primary proteoses. Koumiss and the similar 
kephir also contain abundance of proteoses, and, according to 
peptones also. The so-called ‘long-milk’ of Upper Scandinavia 
contains peptones (Sebelien). 
a is found in small quantities in milk. The difference 
this and the true nuclein of nuclei has been already 
203). The iron in milk is combined with nuclein (Bunge). 


The Fats of Mille 


“The chemical composition of the fat of milk is very like that of 

tissue (p. 487), with small quantities of the triglycerides of bu- 
=, capnoic, caprylic, caprinic, myristic, and arachic acids in addition.* 
jes of lecithin, cholesterin, and = 


Reais Chem, 1884, p 73. * PAliiger’s Archiv, 1882, p WAT. 

+ Zeit, phyviel. Chem. 1886, p. 602. + Diss. Moskau, 1582. 

* The above observations on the proteoses ani peptones of milk have been published 

Neumeister (Zeit. Biol. xxiv. 271) und Sebelion (Zeit. physiol. Chem. xii. 185), I 
; identical . 







veh ere les covps-gras, Paria, 1829, Lerch, Anu. Chem. Pharm, xMx, 
BIS Helnte, Pid. ixxxviii. 200. 





MILK 587 


filtered off. The filtrate contains albumin, lactose, salts, and these 
extractives. 

Among the latter, Ritthausen ! separated a secund carbohydrate of 
doubtful nature. Béchamp* obtained traces of alcohol, and acetic 
acid (0-021 to 0-2 gramme to the litre) from cow's milk ; 800 c.c. of 
asses’ milk yielded 30 c.c. of a distillate containing 3°5 per cent. of 
alcohol and 0-036 per cent. of acetic acid. The koumiss of Russia is 
made by allowing mare’s milk to undergo the alcoholié fermentation. 
A similar substance, kephir, is made by adding the sd-called kephir- 
grains to milk; the kephir-grains are masses of’ fungi and bacteria, 
Kephir contains less alcohol (0-5 to 1 per cent.) than koumiss (1 to 2 per 
cent.), Small quantities of lactic acid can generally be obtained from 
the freshest milk (Hoppe-Seyler*). Traces of urea have been described 
by several observers‘; Commaille® found a trace of creatinine, and 
Musso § of a sulpho-cyanide. 








The Salts of Milk 


This subject has been worked at quantitatively by Bunge,’ and with 
the following results : — 








- Human milk Dog's milk Cow'smitk Horse's fj 
mig n ! f 
KO | O71 | 14l 168 «176-04 
Nav Spike 2 026 | 080 069 111 O14 
Cad Ost 453 428 159 1:23 


MgO... 1. .| 006s 0:06 ol O21 O21 012 
| o 0-006 = 0-02 001 0-003 = 0-015 | 
O47 4:93 467 197 Lal 
0-44 1:62 18 1-69 031 
218 1315 12-96 797 417 





a oe ae oe oe 
Total ash per 1000 
The chief acid present throughout is phosphoric acid ; the chief 
base in human milk is potash ; but this in the other animals in the 
list is second to lime ; the lime in dog’s milk is especially high. 
In connection with the quantity of iron in the milk, Bunge* has made 
the interesting observation that although the other mineral constituents 
of milk are present in the same proportion as they are contained in 


4M, = Compt. rend. Ixxvi. 654, 886. 





* Journ. f. prakt. Chem. N.P. 
3 Arch. f, pathol. Anat. xvii. 
4 Picard, These, Strasburg, 1 
* Commuille, quoted in Hop) 
* Maly's Tahresb. 1877, 
® Zeit. physiol. Chem. xiii. 







Lefort, Compt. rend. Ixii. 190; and others. 
yler’a Physiol. Chem. p. 728. 
1 Diss. Dorpat, 1874. 
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The milk may be concentrated at a low temperature and then preserved in 
hermetically sealed tins. 

Most condensed milks have an antiseptic added to them, of which the most 
commonly employed is cane sugar. Frozen milk should be thoroughly thawed 
and well shaken before it is used as food, as the ice first formed carries a large- 
percentage of the casein and cream to the surface." 


Cheese 


Cheese is an important product of milk. The cheeses made in. 
various parts differ according to the amount of cream mixed with the 
milk, and thus their percentage of fat varies. The essential con- 
stituent of cheese is the curd which is thrown down by rennet. All 
cheeses in addition contain a small admixture of lactose and a variable. 
amount of salts. During ripening the fats and proteids both undergo 
decomposition, and thus free fatty acids are generally present. The 
following table? gives the percentage composition of some common 
cheeses :--- 





| Cheese Nitrogenows principles | * Fats | Galts Water 
lcnemhire 2. | 2548 478 | 3039 
; Gruytre. 2. . - | 28-0 479 | 32:06 
| Roquefort |. |! | 8881 445 26-53 
Cheddar. BLL 45 | 36-0 | 
Camembert. . . 2 47 519 








The Changes produced in Milk by Disease 


It is a matter of every-day experience that the milk of a strong, 
healthy woman is more nourishing to the infant than that of weakly 
or sickly women. This has been supported by analyses.? Filho! and 
Joly+ described a very abnormal case in which casein was altogether 
wanting. Bile-pigments and salts were described in milk in a case of 
jaundice by Frank,? but in similar cases subsequent observers® have 
failed to find them. 

Certain drugs given to the mother pass into the milk, e.g. iodine, 
mercury (when given in large doses), arsenic, antimony, lead, zinc, and 
bismuth. Opium and morphia have never with certainty been found 
in the milk, but the milk of a mother dosed with opium is very fatal 
to the child. 


' Kainer and Schmieder, Bied. Centralbl. 1887, p. 287. 

2 Charles, Physiol. Chemistry, p. 27. 

3 Décaisne, Gaz. méd, 1871, p. 817; Vernois and Becquerel, Loc. cit. 

+ Gorup-Besanez, Lehrbuch, p. 488. 5 Diss. Giessen, 1879. 
" y, Jakuch, Prager med. Wochenschr. 1880, No. 9. 
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being composed almost entirely of mucin.' In insects the egg-shells 
are chitinous. Egg-shells are formed in vertebrates not by the ovary, 
but by the walls of the passages by which they pass to the exterior. 

Many eggs are coloured green, blue, red, brown, and so forth. The 
function of the pigment appears to be protective. The green and blue 
pigments are stated by Liebermann® to be derivatives of the bile- 
pigment. 

The chief calcareous constituent of the egg-shells of birds is 
calcium carbonate. Dana and Buchanan state that the calcium car- 
bonate excreted by polyps is absorbed as sulphate and converted 
first into sulphide and then into carbonate. Irvine and Sims Wood- 
head therefore experimented with fowls, and fed them only on 
calcium sulphate ; the birds, however, continued to lay eggs with 
normal shells. These observers also showed that fowls are unable to 
store up in their gizzard more lime as carbonate than is sufficient for 
the formation of the shells of two or three eggs, and that if lime be 
not procurable, either they will lay soft eggs or will cease to lay. 

White of egg.—This is situated hetween the shell and the ovum 
proper or yolk ; it forms an additional protection to the ovum, and is 
gradually absorbed by the yolk as development progresses. It is 
semi-fluid in consistency and pervaded by a meshwork of firmer, more 
fibrous material. This network is insoluble in cold or hot water, in 
salt solution, or in dilute acetic acid. It thus closely resembles the 
similar membrane enclosing the vitreous humour of the eye. 

The semi-fluid material which fills the meshes is alkaline, and is 
especially rich in proteids. It has the following composition (Lehmann): 


Water... ws R28 to 88 per cent. 
Solids . . .  .  .  . 138 percent. (mean) 
Proteids . . www. da, ms 

Sugar . ; * - i . 0:5 per cent. (8 per cent. of 


dry residue) (Meissner) 
Fats, alkaline soaps, lecithin, cholesterin Traces 
Inorganic residue. =. =. ~—-—=—«0°66 per cent. 





1 Wolfenden, Journ. of Physiol. 

? Ber. chem. Ges. xi. 606, The pigments of exg-shells haye also been worked at by 
Sorby (Proc. Zool. Suc. London, 1875, p. 351), Wicke (Gittingen. gelehrte Anzeig. 
1855, p.814), and Krukenberg (Verhandl. d. physik.-med. Gesellech. Wiirzburg, xvii. 109). 
A large number of pigments ure described, but they have little physiological interest. 

3 Lab. Reports of the College of Physicians, Edinburgh, i. 62, ii. 123. 

4 ‘The ash of white of egg analysed by Poleck (Pogg. Annal. Ixxix. 155) and Weber 
(Ibid. 1xxxi. 91) gave the following percentage ryvults: KO, 27 to 28; NagO, 28 to 82; 
CaO, 1°7 to 2:9; MgO, 1-6 to 3°7; Feq0s, 0-4 to 05; Cl, 25 to 28; POs, 87 to 48; SOs, 
TB to 26; SiOz, OF to 2; CO, 9 toll, Nicklé’s (Compt. rend. aliii. 886) found a trace 
-of fluorine. 
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‘bumin a (pp. at 72°), 3 (at 76%), an 
albumoses are absent in fresh exes, tl 


‘The constituenta of the yolk may be 
1 Schmidt, Pflviger’s Avoh. vili, 73. 
* Gautier (Compt. rend. lexis. 228) and B 
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(a) Proteids : 
Vitellin—the principal one. 
Albumin—in small quantities. 
Nuclein, The iron in the yolk is combined with this substanoe, 
(6) Fats : 
Olein, palmitin, and stearin. 
A yellow lipochrome or lutein. 
(c) Carbohydrate : 
Grape sugar in small quantities. 
(d) Other organic constituents : 
Lecithin, originally described as protagon (see pp. 524, 527). 
Cerebrin (1). 
Cholesterin. 
(e) Inorganic salts : 
The most abundant is potassium chloride. Weber gives the 
ratioK,O ; Na,O=9°05 : 4:39. Phosphates are also present. 


The chemical changes that the yolk undergoes during development 
have been the subject of researches by Spallanzani, Prout,! Prévost 
and Morin,? Baudumont and St. Ange,? Burdach,‘ Fischel,* Pott,S 
and others, The inorganic constituents of the yolk, especially of 
phosphates, gradually diminish, building up the bones of the embryo.” 
Fischel found that peptones are formed as incubation goes on, but his 
method of estimating peptones is open to much question. The respira- 
tory changes have been already described (p. 394). 

Parke® gives the following quantitative analyses of the yolk of 
hens’ eggs :— 





| = Hagges not ineubated | After 10slaya! nest A After 17 dayst incubation, 
1 





47-192 57-308 44-787 

52-808 A 42-692 65313 

15-626 : 14201 | 13-942 

10-720 8-406 10677 

22-838 16-986 i 26935 | 
1-750 1-281 1-461 
0-965 0-910 | 1-338 | 








Taking the hen’s egg as a whole as 1000, 1069 pa consist of 
shell, 604-2 of white, and 288-9 of yolk. The highly nutritious nature 


1 Phil. Trans. 1898, p. 877. 1 Ann, des sciences nat. iv. 47. 

3 Ann, chim. phys. (8), xxi. 195. 4 Dissert. Kiniguberg, 1858. 

5 Zeit. physiol. Chem. x. © Landwirthach. Versuchatat. xxiii. 208, 
7 The shell does not alter (Prévost and Morin, Pott). 

® Med. chem. Untersuch. ii. 209. 
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leaven of the ancients was a piece of putrid dough ; baking powders 
are mixtures containing sodium bicarbonate, from which the carbonic 
acid is driven off during baking. White bread contains in 100 parts, 
7 of proteid, 55 of carbohydrates (starch, dextrin, and sugar, the two 
last more abundant than in the flour), 1 of fat, 2 of salts, and the rest 
water. An adult would require daily about 1-6 kilo. of bread to supply 
him with the requisite amount of proteid ; this would, however, contain 
‘an overdose of carbohydrate. 

Leguminous plants-—The meal of peas, beans, and lentils are rich 
in proteids, and are used by vegetarians as substitutes for meat, 
Potatoes are chiefly starchy. The percentage composition of the foods 
just mentioned is given in the following table : 





: Constitnents Lentils | Beans Potatoes | 
' 

Water... two | 

Proteids’ | 20 

2 ee aoe o2 

| Carbohydrates | #8 

Cellulose... 07 

Bab ee ei A 10 





It has been calculated that 45 kilogrammes of potatoes would be 
necessary daily to supply an adult with the requisite amount of proteid ; 
a bulk far too great for an ordinary alimentary canal to manipulate. 
In fact, unless a vegetarian diet is supplemented by some concentrated 
form of proteid, like milk, eggs, or cheese, it will be found impracti- 
cable, and the person who takes it will waste. Fermentative changes 
occurring in the alimentary canal, and giving rise to gases (carbonic 
acid, marsh gas, &e.) from the starch and cellulose, give rise to flatu- 
lence, which is a most serious drawback to vegetarianism.' Rice has 
not this particular disadvantage to such a marked extent. 

It is well known that the inhabitants of certain countries (e.g. the 
coolies of India) are able to subsist on a smaller quantity of nitrogenous 
food than the average European. Recent experiments have shown that 
even Europeans can train themselves, gradually, to maintain bodily 
equilibrium for short periods on less than the fifteen yramines of nitrogen 
daily which has been hitherto supposed to be necessary.? The disad- 
vantages of pure vegetarianism resulting from overloading the stomach 
and flatulence remain, however, unaltered. Looking at the table just 
given, it is seen that beans contain rather more nitrogenous material 
than beef : but experiments on man have shown that beans are a most, 


1 Sen Rutgers, Zeit. Biol. xxiv. 851. F. Hirschfeld, Pfliiger’s Archiv, xii, 588. 
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Tea, coffee, and cocoa.—These are stimulants chiefly to the nervous 
system. Tea, coffee, maté (Paraguay), guarana (Brazil), cola nut (Cen- 
tral Africa), bush tea (South Africa), and a few other plants used in 
various countries, all owe their chief property to an alkaloid called 
theine or caffeine (C,Hi>N,Q.+H,0) ; cocoa to the closely related 
alkaloid, theobromine (C;H,N,O,) ; coca to cocaine. These alkaloids 
are all poisonous, and, used in excess, even in the form of infusions of 
tea and coffee, produce over-excitement, loss of digestive power, and 
other disorders well known to the practical physician. Coffee differs 
from tea in being rich in aromatic matters; tea contains a bitter 
principle, tannin ; to avoid the injurious solution of too much tannin, 
tea should only be allowed to infuse (draw) for a few minutes. Cocos 
is a valuable food in addition to its stimulating properties, containing 
about 50 per cent. of fat and 12 per cent. of proteid. 


I have not attempted to give references to the vast amount of literature 
published on the subject of alcohol. A few of the more recent papers on the 
subject will be found referred to in the chapter on alcohol in Bunge’s book. 1 
am indebted to the same book for the following references to papers on the 
constitution and physiological action of caffeine and allied alkaloids. Caffeine is 
trimethylxanthine (i.c. xanthine with three methyl groups introduced into its 
molecule), and can be prepared artificially (E. Fischer, Liebig's Annalen, ccxv. 
253). Theobromine (the alkaloid contained in cocoa, and mixed with caffeine in 
guarana) is dimethylxanthine. Mono-metbylxanthine is at present unknown. 
The physiological action of this series of substances has been studied by Filebne 
(Du Bois Reymond’s Arckir, 1886, p. 72), and Kobert (Arch, f. exp. Path. u. 
Pharm. xv. 22). 





me quantities of carbon and nitrogen, and the relation hetween 
“bon and nitrogen should be 250 to 15, or 16-6 tol. The propor- 

on of nitrogen to carbon in proteid, ix, however, 53 to 15, or 3-5 to 1, 
if « person lives entirely on proteid food, his diet will be 






o to three kilogrammes (five to six pounds) of beef, This quantity ! 

would contain much more nitrogen than the body has lost, and 
| more than the kidneys can excrete. In carnivorous animals, the 
ty of the body for producing urea is greater than in man; but 
m the accumulation of nitrogen and increased work of the kidneys, 








jas to balance the daily loss of nitrogen, the result is that too little 
ig taken in to repair the large output, and the body econse- 


f & purely proteid diet, though practicable for a short time, ix 
impossible if the body ix to be maintained for long in an approximately 
condition, not to say a condition of equilibrium. 

In the practical construction of a suitable diet, what is first done 
keop the quantity of proteid food at such a level as to replace the 
unt of nitrogen lost, and secondly to supplement this with the 
ceous but non-nitrogenous foods, so bringing up the quantity of 
the requisite standard. 
-non-nitrogenous foods are on this account sometimes called 
r ing foods, The same term is applied to gelatin, which 
in certain limits may be mixed with proteid, and so helps to supply. 
- nitrogen. 

non-nitrogenous foods are the fats and the carbohydrates ; in 





















o oxidation, There has been considerable discussion as to 
shether both fats and carbohydrates are essential, and as to how far 

ean replace the other. We shall not here enter into considerations 
& theoretical nature, because the explanations they offer are not at 
satisfactory ; food and diet are subjects which, above all others, are 
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of the ratio of nitrogen and carbon in various foods, the amount of 
such foods necessary for the 120 grammes of proteid, and 420 grammes 
of non-proteid material on the basis of Moleschott’s diet will be also 
found useful :—! 

















Food xi | Food +o ec 4 Food xjc 
| H 

Beef with | Oysters. . 21 72 'l Oatmeal. . .[19! 44 
‘out bone ;11_ | Cheshire , Potatoes. . 2103 11 
Roast bee! i . #1 41 | Dried figs +1 84 
Balt cod-fish 45 42 | Infusion of 3f 07. j : 
fantines in 86 44 coffee. 1 9 

1-6 885 | Infusion of 308} 
gattnrrings 1-9 40 grainsten. ./02 2 

1-8 41 | Chocolate, 84oz.}15. 58 
Cow's milk 





i 8 a | Fresh bntier. 1/06" 83 


1 Weight of the food which contains | 

















Food i) 
mex of non-pr i 

savmnnnerotorehh | harnrctscear | 
Cheese. . 350 grammes | 1730 grammes 
Lentils. > | 3), | 63 | 
Pes... | 87) | To, 
Beef . % a a 566 ” 1945 » " 
Hen'segys | | 893} 7% ! 
Wheat bread] 1332 uO i 
Maize. L. 1818 1761), 
Potatoes... 6000 1761 





There is another aspect of the subject which must now be considered. 
The body is losing not only matter, but also energy in the shape of 
heat and motion. 

Energy is reckoned either in the terms of work done or in equi- 
valent heat-units. 

A weight multiplied by the distance through which it is raised is a 
measure of work ; the units of work are called foot-tons, or foot-pounds, 
or metre-grammes, or metre-kilogrammes, according as the English or 
Continental system of weights and measures is employed. 

A heat-unit, or calorie, is the amount of heat necessary to raise the 
temperature of 1 gramme of water 1° C. This may also be expressed 
in units of work, for heat is only another manifestation of energy, ‘ 
mode of motion.’ 


1 I am indebted for the references to both these tables to Dr. McKendrick’s 
Physiology. The first is from Payen, Subst. alimentaires, Paris, 1866; the second from 
Beaunis, Physiologie humaine, i, 627. 






















become the carbon of the living ¢ 
ic heat-value is a different: 


value of 1 gramme of uren is 2205 ; | 
from 4998 gives us 4263, the physiolog 
proteid, which, expressed in terms of 
The energy lost per diem is gi 





Work of the heart 
Work of respiration 
Mechanical work for 8 hours 
Equivalent of heat produced 
Total 
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‘The following table is taken from Frankland,! and gives the force-producing 
ue of some important food-stuffs :— 























Force-producing value 
tea Pereontage of In kilogramme-metres j 
Incalories jC ]TTOC~t~C~C~SOS 
When burnt in When burnt in 
| oxygen the body => 
f 
3 107 | 8857 3857 
. 9069 | 3841 3841 
“| 72364 | = 8077 8077 fl 
f 4647 1969 146, 
H | 4004 1696 1665 
| j 3936 1669 1627 
3936 1667 1598 
3912 1657 1657 
— | 8813 1615, 1591 | 
470 3423 1449 1400 
: = 3348 1418 1418 
62:3 2383 1009 966 | 
! 440 2231 945 910 ‘ 
+! 708 1789} 758 6s 
: 705 1567 | 664 60h 
730 «| «1018 | 429 422 
+. 800 388 825 
) 863 671 284 244 
870 662 280 266 | 
+! 820 | 660 280 278 
+, 886 434 184 178 

















Taking Moleschott’s diet as a basis let us see how much energy is. 
railable from it. 


Proteid 120 grammes x 1812 =217,440 kilo. metres 
Fat 90 » x B841 345,000, 
Carbohydrate 330 x 1657 546,810 ,, 





Total 1,109,250, 


hich is more than sufficient to supply the energy expended ; we must, 
ywever, remember that food materials are in the first place not 
holly digested, in the second not completely oxidised in the body. 
Variations in diet necessary in relation to work, sex, climate, 
¢.—Work.—A study of prison dietaries, of military dietaries, and so 
rth, shows that the greater the expenditure of energy, the greater is 
te amount of food necessary. Muscular work falls especially on the 
m-nitrogenous, not on the proteids of the muscle (see p. 436) ; hence 


1 Philosophical Mag. xxxii. 
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‘oxygen for its complete combustion, and it contributes about 0% 
gramme of oxygen from its own substance. Hence the combustion of 
stearin (a3 an instance of a fat) produces far more heat than the 
combustion of the same weight of starch (as an instance of a carbo- 
hydrate). 

Digestibility of food.—In order to estimate the nutritive value of 
a food, it is not sufficient to calculate the percentage amount of its 
carbon, nitrogen, and other elements. An equally important considera- 
tion is whether the nitrogen, carbon, and other elements can be easily 
assimilated from that food, and since the first step towards assimilation 
is digestion, whether they are easily digestible. 

We must, in considering this question, neglect, or almost entirely 
neglect, the idiosyncrasies of various people ; what is easily digestible 
by one is difficult of digestion by another, and vice versa ; diseases, too, 
especially of the alimentary canal, interfere considerably with the 
digestion of food. Looking, however, at the digestion of an average 
healthy man, the digestibility of a food depends on its source, and 
other extraneous circumstances, its bulk, its reaction, and the fact 
whether it is cooked or not. 

The source of food.—The proteids of animal origin are more easily 
and completely digestible than those from the vegetable kingdom (see p, 
597) ; the sume is true for the fats ; and with regard to the carbohydrates, 
we know that starch from some plants is more digestible than that from 
others. Why this should be, it is at present difficult to say. Rubner 
gives the following table, which illustrates some of these statements: — 





Poreentage digest of the proxiwate principles in 





| Berry 
Potee White  Blaek | Gar 
al Bice | wer ew it | tt | Pots 





97} 80, 75 | 80) 78 
es eS —| = 
=_ oe) 25) 9 99 


68 | 796, 





With regard to meat, different kinds of flesh are more easily 
digested than others by artificial gastrie juice ;' thus fish is more 
difficult to digest than mammalian meat ; white flesh ix more digestible 
than dark ; raw beef than smoked. The presence of fat between the 
muscular fibres, as in lobster, increases the difficulty of digestion. 

More valuable results have been obtained by Beaumont and Richet 
by observations in cases of gastric fistula; they have noted the actual 

1 Chittenden and Cummins, American Chen. Journ. vi. 6. 
RR 























3. In the case of animal foods, it 
the universally distributed connective ti 
By thus loosening the binding materia 
of the food, such as muscular fibres, | 
gastric and other juices, Meat before | 
certain length of time to allow rigor 
hastened by hammering the flesh. , 
Of the two chief methods of co 









— —~— TT 
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former is the more economical, as by its means the meat is first 
surrounded with a congulated coat on its exterior, which keeps in the 
Juices to a great extent, letting little else escape but the dripping (fat), 
‘Whereas in boiling, unless both bouillon and bouilli are used, there is 
considerable waste. Cooking, especially boiling, rendere the proteids 
more insoluble than they are in the raw state,’ but this is quite 
counterbalanced by the other advantages that cooking possesses. 

Artificial digestion of food.—This is now a most important branch 
of medical practice. Tn patients with feeble digestions, pepsin, papain, 
-ox-bile, and other preparations are administered to help out the insuf- 
ficient supply of digestive ferments supposed to be present. It is, how- 
ever, much better to digest the food for the patient before administer- 
‘ing it; indeed, in cases where a patient has to be fed by the rectum 
this is almost compulsory. 

Artificial yastric juice, pancreatic juice, juice of the papaw plant, 
4c. are employed for the purpose. The two first named are generally 
‘made from the stomach and pancreas respectively of the pig. The food, 
such as milk, is warmed to the body temperature, and peptonised by 
the addition of « certain volume of the artificial juice. The peptonisa- 
tion in these artificially digested foods seldom goes further than the 
formation of proteoses (albumoses) ; true peptone is formed, if at all, 
in very small quantities. The best commercial preparations of peptone 
‘sold are chiefly proteoses. Artificially digested foods are usually bitter. 
‘This is a great disadvantage they have. What the bitter substance 
is, is unknown. It is certainly neither albumose nor 

Bread-mwaking may be considered as a partial artificial digestion, the 
starch of the flour being largely transformed into dextrin and dextrose. 


Stutzer has elaborated the system of artificial digestion to such a pitch of 
excellence that, both with regard to protelds* and carbohydrates,? he is able to 
ascertain their digestibility with results which accord almost exactly with experi- 
monte which consist in the nctunl feeding of animals with the same foods, and 
subsequent examination of their fmces. ‘The method of artificial digestion is by 
Mar the simpler of the two, and valuable statistics, relating chiefly to the fodder 
of domesticated animals, have beon thus obtained. E. Pfeiffer* has confirmed 
these observations, Sheridan Lea* has recently attempted to imitate the con- 
Aitions of normal digestion by placing the digestive mixture in a dialysing tube 
‘instead of a flask; the tube is kept constantly moving and suspended in a liquid 
{ato which the products of digestion pass out us they are formed. It was found 
%y this means the amount digested and the rate of digestion are increased, and 
‘that intermediate products like dextrin (from starch) and anti-albumid (from 
proteids) are only discoverable in small quantities. 


1M. Popoff, Zeit. physiol. Chem. xiv. 5%. * Zeit, physiol. Ohem. x. 301; xi, 207, 961. 
* Stuteor and Inbert, Ibid. xil. 72. 4 Ibid, xi 1. 
+ Journ. of Physiol. xi. 226. 





especially by its left half, is iteolf amylolytic, 
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puth after having been depeaited ‘for o tiund tn. the’ Heat paimpack! 
nt of the four-chambered stomach of these animals, When it 
to the mouth it is thoroughly chewed and mixed with 
when it is swallowed the second time it passes on to the trae 
h. The ferment ptyalin in these animals is, moreover, very 
even on uncooked starch. 
T on carbohydrates only ; the next juice 
which the food is mixed by the peristalsis of the stomach is the 
tric juice ; this juice is a solution of a ferment called pepsin, in an 
[liquid ; the acid is hydrochloric acid. The gastric juice contains 
amilk-curdling ferment, The gustric juice resembles saliva in 
‘on only one group of the organic proximate principles of the 
‘It differs from saliva in being acid, and in acting not on carbo- 
but. on proteids, The proteids are converted into the soluble 
variety of proteids called peptone. ‘This process is called 
lysis. In the case of milk, there is a preliminary curdling, due to 
action of rennet. Like the conversion of starch into sugar, proteo- 
is doubtless a hydrolysis («ee p. 160, foot-note) ; intermediate sub- 
ws between native proteids and peptones are called proteoses, of 
the albumoses are the best known. The products of 
c d in many ways, but the most important subdivision is into 
hemi- and the anti-groups. These names are bestowed upon pro- 
and peptones according to the way in which the pancreatic juice 
upon them. The acid of the gastric juice is also valuable as an 
tic, destroying the micro-organisms which enter with the food. 
Bunge is inclined to regard this as the chief function of the 

























Sirsa ries oe Arran p's SaemRNS 36 HR Persea 
pancreas ; this enters the duodenum by an orifice which is close to that 
"the bile-duct, ‘The bile, the secretion of the liver, contains special 
called bile-salts (glycocholate and taurocholate of sodium) and 
im pigments related to and probably formed from hwmoglobin. 
The precise value of the bile as a digestant is doubtful. Tt appears 
to mid the digestion of fat, and its presence is advantageous for the 
ieee ot the functions the pancreatic juice exereises towards 
es. The bile is also stated to act as a natural 
SE IP Rear ara ‘The pancreatic juice, however, 
p to be the great digestive juice of the intestinal region, Tt acts 
on proteids, continuing their conversion into peptones ; the ferment 
in virtue of which it has this action is called trypsin ; this differs from 
‘pepsin in acting only in an alkaline medium, The anti-peptones are 
‘those peptones which it is unable to decompose farther; but the process 
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The net effect is chiefly to break up fat into minutely subdivided 
particles (emulsification) ; partly to break it up into glycerin and 
fatty acids; the latter combining with alkaline bases form soaps 
(saponification). 

3. The proteids are acted upon by— 

(a) The gastric juice. 

(6) The pancreatic juice. 

Proteoses and peptones are formed. Some peptones are further 
broken up by trypsin into leucine, tyrosine, &c. 

4. All three varieties of the organic proximate principles are acted 
upon to some extent by the putrefactive organisms of the intestines. 
These no doubt fulfil a useful purpose, but are probably kept in check 
by the natural antiseptic, the bile. 

5. The water and mineral salts undergo no change. 

The object of digestion is to form substances which will be easily 
absorbed, that is, pass readily by processes of diffusion, filtration, éc. 
into the blood and lymph in the vessels of the stomach and intestines. 
Thus we get sugars formed from the colloid starch, peptones from the 
non-diffusible proteids. The absorption of the emulsitied fats is a 
question which we shall see is fraught with difficulties. 

A certain proportion of the food ingested is, however, not digested. 
Cellulose in vegetable tissues, keratin and elastin in animal tissues are 
instances of chemical materials, but little affected by digestive processes. 
These and others of the same sort, together with débris from the 
intestinal wall, residues from the bile and other secretions, and products 
of putrefaction constitute the excrementitious matters, or freces, which 
are got rid of per rectum. 


———— 
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‘fibres ; when this nerve is stimulated there is an increased redness of 
the gland, owing to the dilatation of its blood-vessels, and there 
is also an increase in the flow of saliva, Further observation soon 
showed, however, that the increased flow of secretion is not due to the 
increased vascularity of the secreting organ, for the three following 
‘reasons :— 

a, The pressure in the duct is often higher, sometimes twice as 
high as the pressure in the arteries. 

6. If the experiment be performed on the head of a recently 
decapitated rabbit, stimulation of the nerve still produces a flow of 
saliva ; and here there cannot be any interference from alterations of 
Blood-pressure, 
¢. By the use of small doses of the alkaloid atropine, the two kinds 

of fibres contained in the nerve can be differentiated one from the 
other ; the drug produces paralysis of the secretory fibres, but it has 
‘no effect on the vaso-dilatator fibres ; excitation of the nerve produces 
under these circumstances « dilatation of the blood-vessels of the 
gland, but no increased flow of saliva, 

The next question which arises is this, Admitting the existence 
of secretory nerves, is there any histological evidence that nerve-fibres 
terminate in secretory cells? The answer to this is an unsatisfactory 
one ; the nerve terminations are probably connected with the cells, but 
the exact method of connection has not at present been ascertained. 
Pfliiger made observations in which he described the direct connection 
of nerve-fibres with the nuclei of the salivary cells, but his assertions 
have never been corroborated. 

‘The submaxillary gland is the salivary gland in which the nervous 
mechanism of secretion has been most fully worked out. We’ will 
therefore consider this gland first. It is supplied by two nerves, the 
chorda tympani, and by branches of the cervical sympathetic, which 
enter the gland with its artery, and supplies vaso-constrictor fibres to 
Gt. We have already seen that the chorda tympani suppliss the land 
with secretory fibres, and its vessels with vaso-dilatator fibres ; the 
sympathetic supplies the vessels with vaso-constrictor fibres. Has it 
any secretory fibres? Such a question can only be answered by means 
of experiment—the experiment of stimulating the cervical sympathetic 
nerve. When this is done not only are the vessels constricted, but in 
the dog « slight flow of saliva results, which is remarkably viscid, of 
higher specific gravity and richer in corpuscles than is the chorda 
saliva, Tn different animals the results varies; thus in the rabbit, 

_ both chorda and sympathetic saliva are free from: mucin, but the latter 
contains more proteids ; in the cat, chorda saliva is more viscid than 















oa Sad owas sidtoo— there is little doubt that the parotid 
sublingual are governed by nervous influences in the same way 
submaxillary gland. Stimulation of the sympathetic in the: 
‘no secretion of swliva from the parotid gland, or only 
gland has been previously thrown into a state of increased 
by the previous stimulation of a nerve which corresponds to 






nerve called Jacobson’s nerve, which 
reached within the tympanum, in the tympanic plexus. 

ic seeretion.—This is a thin, watery secretion that occurs. 
twenty-four hours after section of the secretory nerve, The 
of the opposite side is also affected (antilytic secretion ; Langley). 
to diminish about the eighth day. It has been explained as 
‘tion effect comparable to the fibrillar contraction of muscle, 
as caused by the action of venous blood, increasing the ex- 
y of local centres in the gland. 












oe eed ban been lady refered tn (59 Micro- 
xatnination of the cells of the glands in relation to the time 
i Riper 0 tonctieg 36. nertals important facts concerning 









les are left at the free border of the cells, which now abut on a 


lumen. 
granules are dissolved or rendered indistinet by alcohol, 
acid, and other hardening reagents. 
t mucous gland the changes that take place are of a like kind.* 
fa piece of resting, or, to speak more correctly, loaded submaxillary 
d be teased out, spherules are seen which are larger than the 


on respectively, which have been irrigated with water or dilute 

d. The mucous granules (mucinogen) are swollen into a transparent 
of mucin traversed by a network of protoplasmic cell-substance ; 
‘appearance of mucous cells in sections hardened by alcohol and 
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um phosphate and carbonate, admixed with mucus and leptothrix.' 
"he so-called ‘ tooth-stones ' have the same composition. 

CS eer tna le ee a eegeead aae Ps 

oi rok regrastonlrmcnenmmeaae ES 
expan {500 to 800 grammes in another eatimate—oxen abd 
may secrete 40,000 to 60,000 grammes daily. Its alkalinity 
in man ‘O8 per cent. expressed as sodium carbonate 


i ). 
Its specific gravity is 1002 to 1006 in man ; 1007 in dogs. It con- 
in man five parts of solid matter per 1000, of which two are 








if obtained by stimulation of the sympathetic. It is 
markedly alkaline, and soon becomes cloudy in the air from deposi- 
on of calcium carbonate, 
_ Its composition is in the main the same as that of mixed saliva ; 
‘mucin is more abundant ; the proteid coagulable by heat is not 
present. Ptyalin is present in human submaxillary saliva, 
xcept in infants under the age of two months (Zweifel). Tt is present 
most animals, but not in dogs. Potassium sulphocyanide is present 
uman, but not in dogs’ submaxillary saliva.’ The inorganic salts 
calcium carbonate, calcium and magnesium phosphate, potassium 
d sodium chloride.® 
Quantitative analysis (in parts per 1000 dog’s submaxillary 
_ saliva) — 
+ Vergne, ‘Du tartre dentairo et de ses concritions’ These, Paris, 1869. 


Ymeitel, Untersuchungen i. d. Verdewungeapporst,d. Nevgob: Sisabary, 1874 
: Longet, Compt. rend. xii, 480; Ovhl, La saliva umena, Pavia, 1864 
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(135 to 180 grammes). Bidder and Schmidt in dogs 
t forty times that quantity, and Grinewaldt in his case of human 





r of the secretion of gastric juice. 
‘The structure of the cells that secrete the juice, 
‘The composition of the juice itself, 

‘Its action upon food. 


PHYSIOLOGY OF THE SECRETION OF GASTRIC JUICE 


‘Dr. Beaumont writes aa follows :—‘‘The inner coat of the stomach 
natural and healthy state is of a light or pale pink colour, varying 
hues according to its full or empty state. This of a softor velvet- 








ppearance, and ix constantly covered with a thin, transparent, 
seus Tsing the whole intern of the org. 






mucous fluid appears to be secreted. On the application of 
6 size of the vessels is increased, the colour heightened, and 
n ‘movements excited. The gastric glands begin to discharge 
f, transparent fluid, which continues rapidly to accumulate as 
yent is received for digestion, This fluid is invariably distinctly 
. ‘The mucus of the stomach is less fluid and more viscid, and 
imes a little saltish, but does not possess the slightest character of 








nt has been applied to the membrane, the acid taste is 
perceptible.’ 

. n bane ese ok he De: Rigomnnonh are Atala See 

5 Aun, Chem, Pharm. xcii, 2.” 
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ds tak quantity of reagents. 
A method introduced by Sfsqvist ' gives, according to him, perfectly accurate 
results, und Dre pet Geral as in the examination of 


‘the smallest excess of the dichromate gives to the liquid floating over the white 
precipitate produced by the interaction of the two salts. A more delicate test for 
excess of dichromate is, however, Warster’s tetramethylparaphenylene-diamine 
paper. Potassium dichromate in an acetic acid solution acts in the same way as 
ozone, to test for which the paper was originally used ; it turns it blue. 


The ferments of the gustric juice, Pepsin.—The name pepsin was 
given to the proteolytic ferment of the gastrie juice by Schwann,? 
‘Wasmann ? was the first who attempted to isolate it, E. Briicke* the 
first who succeeded, Briicke's method consists in extracting the 
mucous membrane of the stomach with a 5 per cent, solution of phos- 
phoric acid ; to this lime-water is added, and the precipitate of calcium 
phosphate so formed carries the pepsin down with it. The precipitate 
is collected on a filter, washed with water, and dissolved in dilute hy- 
drochloric acid ; to this solution a saturated solution of cholesterin in 
‘a mixture of alcohol and ether (4: 1) is added in small quantities ; the 
cholesterin is precipitated, and this, aguin, carries down the pepsin with 
it. The precipitate is washed first with a weak solution of acetic acid, 
then with water, and lastly with ether. The ether dissolves out the 
cholesterin and leaves the pepsin undissolved. The pepsin, which by 
this method is obtained only in small quantities, is then dried at a low 


"Von Wittioh’s? method of procipitating the pepsin by alcohol from 

a glycerin extract of stomach vives u larger yield. This is freed from 
salts and peptones by dialysis. 

‘The constitution of pepsin is unknown, The elementary 
it that haye been made [C, 53; H, 6-7 ; N, 178; O, 225 fin), 

4 Zelt. physiol. Chem, xiii. 1, 

# Arch. f. Anat. a Phytol 180, pM: Pogg. Ann, xxxvill, 358, 

® Diss. Berlin, 1839, * Sitzungaber. Wien, Akad. xiii, 002, 

5 Pflager's Archiv, ilie 198, 

TT 
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4, THE ACTION OF GASTRIC JUICE 


‘The action of gastric juice can be readily demonstrated by a simple 
experiment. Four test-tubes are taken which we may label A, B, C, 
and D. A is half filled with water and « few drops of a glycerin 
extract of stomach added to it, or a few fragments of pepsin dissolved 
in it ; Bis half filled with 0-2 per cent. hydrochloric acid ; C is half 
filled with a solution of pepsin in 0-2 per cent. hydrochloric acid, or a 
few drops of a glycerin extract of stomach may be added to half a 
‘test-tube full of 02 per cent. hydrochloric acid ; D is half filled with 
the came liquid. A small fragment of a solid proteid, such as a piece 
of lean meat or a shred of fibrin, is placed in A, B, and C; D is filled 
up with a 10 per cent. solution of egy-albumin. 

All four test-tubes are now put in a warm bath at 40° C., and after 
about ten to twenty minutes they may be taken out and examined. Tn 
A, which contains pepsin alone, the fibrin is unaltered ; in B, which 
‘contains hydrochloric acid alone, the fibrin is swollen and transparent 
(with rather stronger acids, acid-albumin would be formed, or even 
samall quantities of albumoses) ; in C, containing both acid and pepsin, 
the fibrin will be swollen and partly dissolved ; a little Inter it will be 
almost entirely dissolved, the products being acid-albumin, albumoses, 
and peptone. In D there will be no visible change, but on testing for 
albumin little or none would be found, it also being transformed into 
acid-albumin, albumoses, and peptone. On prolonged digestion the 
acid-albumin is converted into peptone ; a somewhat insoluble product 
called anti-albumid is, however, first formed ; the albumoses are finally 
converted into peptones too, 

The following simple tests will show the presence of the products 
of gastric digestion :-— 

(a) Colour « small quantity of the liquid with litmus, and neutralise 
with dilute (0-1 per cent.) alkali; a precipitate of acid-albumin or 
syntonin is produced, which dissolves in excess of alkali. 

(#) Add nitric acid ; a precipitate of the albumoses is produced, 
which dissolves up on heating, and reappears on cooling. 

(ce) Add a drop of very dilute copper sulphate solution ; a precipi- 
tate is produced ; this dissolves up on adding ammonia, forming # 
violet solution, or on adding potash or soda forming a rose-red solution. 
This so-called biuret reaction is given by both peptones and albumoses. 
Ordinary proteids (albumins and globulins) give « blue solution with 
copper sulphate and ammonia, and a violet with copper sulphate and 
potash or soda. ‘This test should always be performed in the cold. 

(d) Saturate the liquid with ammonium sulphate (after neutralisa- 


Tr? 


faction, Réaumur in 1752, and 
materials enclosed in perforated 


were vomited up, or in Spallanzani’s| 


by heat as albumin is, Meissner 

which he termed parapeptone, dysp 

peptone. Schmidt-Mulheim d 

peptone, and peptone. Parapeptone is: 

a very good naine for what we now call 

the names Aydrophyr to a variety of pej 
1 Bunge’s Physiol. Chem, p. 201. 7 
4 Zeit. rat. Med. vik, viity x, xii, and xiv, 
8 Siteungaber, Wien. Akud. xxxvii, 199; Ixi. 





GASTRIC JUICE 647 











r Hot and’ 
\ Copper 
1 | Seture, sulphate 
eget Motard) line ‘decerta|Sstere | xtc | coper|sspine|"aoe 
reid wnt feasipe, ST amo, SH foil As | cauetio 
\ Sei | potash 
1s. . | Soluble | Soluble Not pre- Blue | Violet 
im cold; | in cold, clpitated sotution | solution 
Intod in| tated in 
bot | hot solu 
water | “tions 
«| Not sota-} Thesame, Pracpl | Prete H 
le in | aa albus| ta The same as albumins 
mi 














pitto | Ditto 











| 
valbumose * Soluble | Soluble | Not pre- Precipt- | This re. Not pre- 
' Jeipitated: tated | action  cfpltated | 


Ditto | ite 











2... .! sotabte Soluble | Not pre-! Not re! Sot pres| Kot oe pitto | Ditto 
ein, cipitated |cipltated olpltated 




















e scheme tabulated on the opposite page appears complicated, but 
ieulties are more on the surface than real. The albumin may, 
ore, be considered to be composed of hemi-albumin and anti- 
in ; the hemi-albumin in the first stage of hydration is split into 
albumose and hetero-albumose ; the anti-albumin yields hetero- 
ose and acid-albumin ; the acid albumin is called anti-albuminate 
table opposite, as it yields on subsequent digestion anti-products 
We thus see that deutero-albumose is not formed directly from 
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er yet received an answer. John Hunter's! view that it is due 


power of resisting the action of the acid juice; for the intes- 
and the pancreas are similarly able to withstand the | \ 
tion of the pancreatic juice, which is most energetic in alkaline 


An malts of the heavy metals, such ‘as mercuric chloride or lead” 
which form precipitates with pepsin and proteids, completely 
both artificial and natural digestion. Concentrated solutions of 
ine salts (sodium or magnesium sulphate, &c.), which produce 
on of fluid into the storach, act similarly ; and quite small 

e¢ of such salts (such ax 0-004 per cent. of sulphate of sodium, 

m, ammonium, or magnesium, 0-02 of various urates, 0-01 of 

mn iplisaphiata, tc.) tive a very cotunidora tile takibitery Gitick Wes 

ic Soha lag pepsin are used in experiments on ortificial 


e digestion ; but common experience is against this ; like pepper 
ieshainlateahe esnceon shexabtaine Vy ancfeth: 
n mimixture with the gastric juice which is not uncommon in 
0 states ix bile. Tf this enters the stomach from the intes- 
it precipitates the proteids, and prevents them entering that 
len condition so exsential for gastric digestion. It also neutralises 
Z ie juice and thus entirely stops the activity of pepsin. Should, 
r, the pancreatic juice enter with the bile, it may happen that 
in digestion occurs in the stomach.* 

To speak of all the varied pathological conditions of the stomach 
uld be beyond the scope of this work. Our knowledge is in many 
the result of inference from the good or bad effects of certain 













—* Phit, Trans, 1772. * Pagers Archiv, xi. 5 Ibid. x. 
eaten > Zeit, Biol. xxv, 208. ‘ 

Buchheim, Beltrage «. Arznciwittellelre, Leipuig, 1840, Hatt p. 112. ‘ 
Bteetncin, Physiol. Chem. yp. 288. 
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Stomach gases re- dog * Gases from human beings 
Gases ‘moved from homan “nis _——— cullected from eructations* 


| Meat det | Vegetable diet 











I bg I n I 

+ +| 2079 | 3983 | 262 82-9 17-40 

3 671 | 27-58 = — 21-53 
+ .| 7250 | 3892 | 68-7 66:3 46-44 
sel om 037; 61; 11-91 
he = — 271 





1 Plauer, Situngsb. Wien. Akad. xli. 
3 Ewald and Rupstein, Arch. f. Anat. u. Physiol. 1874, p. 917. 
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The surface of the small intestine is increased for the purposes of 
absorption by the folds of mucous membrane called the valvule 
conniventes, and also by the smaller projections called villi. Though 
these are absent from the large intestine, absorption particularly of 
water goes on there, and the contents thus becume of more solid 
consistency as they approach the rectum. The length and capacity of 
the intestines vary much in different animals, and are related to the 
bulk of food these animals are in the habit of ingesting. The length 
of the intestines is thus much greater in herbivora than in carnivora. 
The horse is an exception to this rule, but the immense capacity of ite 
intestines makes up for their shortness. Omnivorous animals, like man 
and the pig, occupy an intermediate position between carnivora and 
herbivora. The following table gives some particulars bearing out the 
above general statements : — 


Ratio of length of 
{Animal | intestines to tenyth | “Aiea Burface area of inter- 


Hraeety i tinal wcourmembrane, 
Dog Bil 8 litres 0°5 square metre 
Cat. 2; 4:1 — - 

Pig. . | 16:1 27 litres 8 square metres | 
‘Man. 9:1 20 — 
Horse . 12:1 Stomach, 10-18 litres: in- | 16-5 square metres ‘ 


\ testine, 200 litres 
Ox... 20:1 Stomach, 200 litres; in- |15 
| testine, 80 litres 
Sheep. 26:1 =— | _ 
Goat . .| 26:1 I _ j = i 
1 : 
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the pancreas. During digestion the pancreas, however, like the other 

| abdominal organs, is gorged with blood from dilatation of ita vessels. 
Induction shocks applied to the organ itself or injections of blood or 
‘chyle stimulate the secretion (Kiihne and Lea). 

Pancreatic juice is secreted under considerable pressure ; in the 
rabbit the pressure in the duct amounts to 16 to 17 mm. of mercury 
(Heidenhain), 

The quantity secreted by the dog is about 2-5 grammes per kilo- 
‘gramme of body-weight in the twenty-four hours (Bidder and Schmidt). 
‘Colin obtained from the horse 175, from the cow 200 to 270, from the pig 
12to 15 grammes per hour, It has been calculated that a man secretes 
about 150 grammes of pancreatic juice per diem, 

Microscopic examination of the gland-cells in different stages of 
‘activity reveals a series of changes comparable to those already 

| described in the case of the salivary and gastric cells. Granules 


| indicating the presence of a zymogen,' which is called trypsinogen 








Pos. 85.—Part of an Alveotus of the Rabbit's Pancreas: A, before discharge : B, after, 
(Prom Poster, atter Kutine nnd Lee) 


(i.e, the precursor of trypsin, the most important ferment of the 
pancreatic juice), crowd the cells before secretion ; these are discharged 
during secretion, so that in an animal whose pancreas has been 
powerfully stimulated to secrote, as by the administration of pilocarpine, 
the granules are only scen at: the freo border of the cells (Kihne and 
Tea). 

For the investigation of the action of pancreatic juice, an artificial 
juice ix now usually employed. A pancreas is allowed to stand at the 
ordinary temperature of the air for twenty-four hours ; or it may be 
treated with dilute acetic acid immediately ; either method converts 
the zymogen into the ferment. It is then minced and placed for some 
days or weeks under glycerin.? The glycerin dissolves out the 

4 Refer to p.AS1. ‘These granules are not so reailily destroyed by chromic geld ux 
thowr in the malivary glands and stomach. 

* ¥. Wittich, Pylager’s Arehie, il. 198. 
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3, A small amount of proteid which is coagulable by heat. 

¢. A mucin or mucin-like substance. 

d. Traces of leucine, tyrosine, xanthine, and of soaps have been 
described. 

The ferments of the pancreatic juice.—i. Trypsin.—-Bernard* and 
later Corvisart observed that the pancreatic secretion dissolved coagu- 
lated white of egg. Kiihne studied this action carefully and gave the 
name trypsin to the ferment that produces the action, Kibne pre- 
pared the ferment by means of making an aqueous extract of the 
pancreas at 0° C., and precipitating the proteids and ferments there- 
from with alcohol. The precipitate was collected, dissolved in water, 
and acetic acid added till 1 per cent. of the acid was present in the 
solution ; the precipitate so produced was again extracted with water 
and filtered ; the filtrate was again treated in the same way, first with 
alcohol, then with acetic acid ; the filtrate was made alkaline with soda, 
digested at 40° C., and filtered. The filtrate was evaporated down, and 
thus tyrosine crystallised out ; the rest of the tyrosine, leucine, and 
peptone was dialysed off. Though this method gives a purer ferment 
than those previously adopted, yet, as Hoppe-Seyler states, the pre- 
paration cannot be regarded as absolutely pure. The substance ob- 
tained is soluble in water and in glycerin, but not in alcohol ; when a 
solution in water is acidified faintly and heated, a heat-coagulum is 
formed. 

Kiihne‘ has more recently introduced the following method of 
preparing trypsin. The fresh or dried gland is first digested with 
0-1 per cent. solution of salicylic acid for four hours, then with alkaline 
solution of thymol for twelve hours; the acid and alkaline extracts are 
mixed and the amount of thymol brought up to 0:5 per cent. ; the 
amount of soda is brought up to the same percentage and the mixture 
is digested for six days, then cooled, and the tyrosine crystals which 
have formed are filtered off. It is then neutralised with acetic acid 
and saturated with ammonium sulphate ; this precipitates the trypsin ; 
the precipitate is collected, washed with saturated solution of ammo- 
nium sulphate, and dissolved in 0-2 per cent. soda solution ; this gives 
a powerful digestive fluid. Tf one desires to yet rid of ammonium 
sulphate, this is done by dialysis. 

‘A conclusion which appears to be justified from these methods of 





' In two specimens of dogs’ pancreatic juice T have examined, acetic acid gave w 
stringy precipitate. ‘The viseidity of the juice is evidently due to thix substance, though 
whether it is true mucin or a nucleo-albumin I did not investigate, 

¥ Lecons, Paris, 1855, p. B34, 

3 Sur une fonction peu connue du paneréas, Paris, 1458. 

4 Centrallt. med. Wise. 1886, No. 8 
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The ferment has never been separated ; it is destroyed by treating the 
gland with alcohol ; it does not dissolve in glycerin as do the other two 
ferments we have described. This ferment probably exists in the 
secretion of the pancreas of the embryo, for free fatty acids are found 
in the meconium. 

iv. Afilk-curdling ferment.—The addition of pancreatic juice to 
milk causes clotting, but this action is seldom called into play normally, 
as the milk upon which the juice has to act has been already curdled 
by the rennin of the stomach. 


THE ACTION OF PANCREATIC JUICE ON FOODS 


A few simple experiments can be readily performed with artificial 
pancreatic juice, which will teach us the chief facts in connection with 
the action of that juice. 

Three test-tubes are labelled A, B, and C; in each is put a few 
cubic centimetres of the artificial juice ; the fluid in A is heated to 60° 
and subsequently cooled and a piece of fibrin placed in it ; a piece of 
fibrin is also placed in B, and a few c.c. of starch solution in C. All 
are then put in a warm bath at 40° C, 

The fibrin in A remains unaltered. This experiment illustrates the 
general truth that ferments are destroyed by high temperatures. 

The fibrin in B undergoes fairly rapid solution ; it is, however, not 
first swollen and then dissolved, as is the case with gastric juice, but 
is gradually eroded or eaten away from the edges. The products of 
digestion are much the same as in gastric digestion ; instead of synto- 
nin, an albuminate of the nature of alkali-albumin is formed. Albu- 
moses and peptones (sometimes called tryptones) are present ; the 
albumoses are more rapidly converted into peptones than in gastric 
digestion, and after a time some of the peptones are further decomposed, 
yielding leucine, tyrosine, and similar substances. 

The starch in C is rapidly changed into maltose with dextrin as an 
intermediate product, exactly as in salivary digestion. 

Another experiment which illustrates some important facts in 
connection with pancreatic digestion is the following : An ox pancreas, 
about twenty-four hours after its removal from the animal, is minced 
tinely ; the mincemeat is divided into two parts ; each part is placed in 
a good-sized flask and a litre of 1 per cent. sodium carbonate added ; the 
white of an egy is also added and the mixtures placed in the warm bath 
at 40° C. for twenty-four hours, another white of an egg being added 
about the middle of this period. In one flask, however, the process 
is rendered antiseptic either by the addition of thymol or a little 1 per 


uve 
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Action on proteids and albuminoide.—Trypsin acts like pepsin, but 
with certain differences. The most striking of these differences are— 

a. Trypsin acts in an alkaline, pepsin in an acid medium. 

6. Trypsin acts more rapidly than pepsin, but the same series of 
Proteoses can be detected as intermediate products in the formation of 
peptone. 

ce. An albuminate of the nature of alkali-albumin is formed in 
tryptic, of the nature of acid-albumin in peptic digestion. 

d, Trypsin acts more powerfully than pepsin on certain albu- 
minoids difficult of digestion, such as elastin, and waxy or albuminoid 
substance. It digests nuclein, which is not attacked at all by gastric 
juice. Keratin and chitin are, however, indigestible by both ferments. 

e. Trypsin acts further than pepsin, decomposing the hemi-peptone 
into simpler products, of which the most important are leucine and 
tyrosine, asparaginic acid,! ammonia,? and proteinchromogen. 

Proteinchromogen is a substance, originally described by Gmelin, which gives 
with chlorine or bromine a reddish-violet product, proteinchrome. These names 
ace suggested by Stadelinann,? who has recently examined these substances. 
Nencki* considered that proteinchromogen is naphthylamine; a view which 
Krukenberg * and Hemala* showed to be untenable. Neumeister’ has suggested 
the name tryptophan for it. Staceimann was unable to separate protein- 
chromogen in a state of purity, but its bromine compound (prote.nchrome) was 
szparated by dissolving it in 90 per cent. alcohol. When dissolved in ether it 
shows a well-marked absorption-band in the green. Elementary analysis gave 
results from which the percentage composition of proteinchromogen was calcu- 
lated (C, 61-02; H, 6°89; N, 13-68; 8, 469; 0, 13°71). Its reaction and ecm- 
position point to its being a preteid, or a substance closely allied to a proteid. 





Action on carbohydrates,—The conversion of starch into maltose is 
the most powerful and the most rapid of all the actions of the pan- 
oreatic juice. Kriger observed that | gramme of dog’s pancreatic juice 
which contained 0-014 gramme of organic material changed 4-672 
grammes of starch into sugar in half an hour at 35°C. The details of 
the process are exactly the same as already described for ptyalin. Not 
only boiled but also raw starch is affected. Glycogen is changed in the 
same way, more slowly than starch, but quickly in comparison to the 
action of saliva." Cane sugar is not affected by either juice. 








1 Radziejewski and Salkownki, Ber, deutach. Chem. Ges, 1X75, vol. vii. p. 1050; 
v. Knierem, Zeit, Biol. xi. 198. 
ler, Zeit. physiol. Chem. x. 806; Stadelmann, Zeit. Biol, xxiv. 261, 
Zeit. Biol. xvi. 491. 4 Ber. deutech, chem. Ges. vii. 159%. 
Verhandl. physik. med. Ger, Wiirzburg, xvii, 
Chem. Unters. wiss. Med. von C. F. W. Krukevberg, Heft ii. 
Zeit. Biol. xxvi. B24. 
Seegen, Centralbl, med. Wiss. 1876, 
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which renders them easy of absorption. Minkowski’s observations are also in- 
teresting as showing that fat is not absorbed to any great extent in the form of 
soaps. This is also borne out by K. L. Bass’' experiments with certain ethereal 
salts which resemble fats in their constitution. 


Pathological Conditions of the Pancreatic Secretion 


Very little is known on this subject. In the examination of the 
bilious vomit of a case of typhoid, Hoppe-Seyler? found the pancreatic 
ferment to be present. In a case of intestinal obstruction examined by 
the same observer, the pancreas was almost entirely replaced by a jelly- 
like substance having the following percentage composition : Water, 
97-4 ; solids, 2°6 ; urea, 0-12 ; fat, 0-02 ; extractives, 1-40; salts, 0°57 ; 
substances insoluble in water, 0°49. The alcoholic extract contained 
much leucine. 

Concretions are sometimes found in the ducts of the gland ; these 
consist chiefly of calcium phosphate and carbonate. 

To judge from experiments on dogs, impaired nutrition leads to a 
lessening of the solid constituenté of the secretion. There can be but 
little doubt that anemic, febrile, and debilitating conditions generally 
in man impair the richness and usefulness of the pancreatic juice. 

Complete extirpation of the pancreas in dogs gives rise to glycosuria,? 
and Hirschfeld has shown that in diabetic patients the absorption of 
proteid and fat is much impaired. This is, perhaps, an indication that 
the cause of diabetes is in some cases disease of the pancreas. These 
observations are of considerable value ; for, although their precise 
meaning has yet to be worked out, they appear to indicate that the 
cells of the pancreas do something else than manufacture pancreatic 
juice ; they appear to play, in addition, an important part in the 
processes of general metabolism. Concomitant injuries to the nerves of 
the liver during the operation, as a cause of the diabetes, can be 
excluded, as partial extirpation of the pancreas, where there is the 
same risk of injuring nerves, produces no glycosuria. 

1 Zeit. physiol. Chem. xiv. 416. 


? Physiol. Chem. p. 260. 
3 Minkowski and v. Mering, Communication to Internat. Phystol. Congress, Basel, 


880. See also Lepine, Lyon médical, Jan. 19 189 
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CHAPTER XXXIII 
SUCCUS ENTERICUS 


THE succus entericus, or intestinal juice, is the secretion of the tubular 
glands (crypts of Lieberkiihn) which exist in the mucous membrane of 
the intestine. It need hardly be pointed out that it is a matter of 
great difficulty to obtain this secretion unmixed with other secretions, 
and hence there are great discrepancies in the observations that have 
been made on its action. Another source of fallacy is to be found 
in the fact that most observers have taken little or no care to exclude 
the presence of putrefactive bacteria. The method usually adopted of 
obtaining the juice is by means of a fistula, but even this is not 
altogether free from error, as the natural secretion is then apt to he 
masked by transudation from the capillaries, 

Thiry’s'! method of making a fistula is to cut the intestine across 
in two places; the loop so cut out is still supplied with blood and 
nerves, as its mesentery is intact ; this loop of intestine is emptied, one 
end is sewed up by sutures, 
the other stitched to the abdo- 
inal wound, and so a cul-de- 
sac from which the secretion 
can be collected is made. The 
continuity of the remainder of 
the intestine is restored by 
fastening together the upper 
and lower portions of the 
bowel from which the loop 
has been removed. 
> Vella’s method resembles 

Thiry’s, except that both ends 
of the loop are left free and 
sutured to the wound in the abdomen. Fig. 86 illustrates the two 
methods. 

Thiry obtained a flow of secretion from the fistulous loop by 
electrical or mechanical stimulation ; the amount thus secreted in an 





1 Sitzungab, Wien, Akad. vol. 1. 1MG4, p. 77. 
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hour by a dog was four grammes ; by calculation it was ascertained 
that the whole intestinal canal of the animal would secrete 360 grammes 
‘in the same time. 

The fluid was strongly alkaline, opalescent, not slimy, of a yellowish 
colour, and a mean specific gravity of 1010. Though the juice itself 
thus obtained is not viscid, it is under ordinary circumstances mixed 
with mucus, resulting from the breaking down of goblet cells, just as 
the gastric juice is mixed with gastric mucus. 

The quantitative analysis of the juice gave the following results :— 


Proteids . . . .  . 0-8013 per cent. 
Other organic matters. . . 07337, 
Inorganic salts. . : « 08789 * 
Total solids . 3 % . 24139 ai 
Water . : é . 97-5861 


Hoppe-Seyler does not believe in the existence of a special digestive 
juice secreted by the intestinal glands. He attributes the action this 
so-called secretion has, to admixture with pancreatic juice ; he looks 
upon the fluid obtained from a fistula merely as a transudation ; and 
the function of the crypts of Lieberkiihn is, according to him, to increase 
the surface of the intestine for the purposes of absorption.’ 

Though the majority of observers are opposed to this view of 
Hoppe-Seyler’s, it must be confessed that the most trustworthy ex- 
periments on the action of the juice are of a negative character, the only 
positive result obtained being the existence of an inverting ferment ; 
this inverting action might, however, be due to the mucin, and not to 
any special ferment. 

Action of the juice on carbohydrates ani fats.—On saccharoses : 
cane sugar is inverted into dextrose and levulose : the ferment which 
is considered the cause of this action is termed invertin (Paschutin,? 
Brown and Heron,? Seegen‘). Milk sugar is inverted to dextrose 
and galactose. Maltose is inverted also, glucose being formed (Brown 
and Heron, Seegen). Pavy® made the very remarkable’ statement 
that the intestine of rabbits secreted or contained a ferment which had 
the opposite (dehydrating) action, and that glucose was transformed 
into maltose. Neither Chittenden ® nor Ogata7 has been able to cor- 
roborate this. 


1 Physiol. Chem. p. 275. 
2 Centralbl. med. 1870, Now. 36 and 87; Arch. f. Anat. u. Physiol. 1871, p. 305. 
3 Abst. Chem. Soc. Journal, 1880, p. 903. 4 Pfliiger's Archiv, x1. 88. 
5 Chem. News, 1884, © Studies from Physiol. Lab. Yale Univ. ii. 46, 
7 Archiv f. Hygiene, iii. 204, 
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The secretion of Brunner's glands.—These glands of the duodenum are 
very similar to, though somewhat more complex than, the pyloric glands of the 
stomach. The difficulty of investigating their secretion is even greater than that 
experienced in the investigation of the secretion of the crypts of Lieberkiihn. 
Schwalbe! obtained from the cells of Branner's glands proteids, mucin, and a 
ferment. Budge? found that an aqueous extract of them changes starch into 
sugar; that it digests fibrin, but not coagulated white of egg. Griitzner,? on the 
other hand, found that such an extract had no amylolytic action, but that the 
ferment is the same as that of the pyloric gland, namely, pepsin; while Brown 
and Heron! showed that the secretion of the glands of Brunner converts maltose 
into glucose more actively than any other glands of the intestine. 





2 Berlin. klin. Wochenach. 1870, No. 1. 
4 Loe. cit. 
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wigs into the interior of the cells, histologists, as a rule, do not admit 
hat these observations are free from error. 

The nerves of the liver arise from the celiac plexus and from the 
pneumogastric nerves (especially the left), and they enter the liver in 
sIoee relation with the hepatic artery and its branches. Injury to these 
nerves or to their centre in the medulla produces a profound disturbance, 
veulting in a derangement of the glycogenic function of the liver, and 
abe consequent appearance of sugar in the urine. It is difficult to 
vuppose that this is wholly due to vaso-motor disturbance, since the 
raso-motor nerves are distributed chiefly to the less important vessels of 
iBeliver. The portal vein, like veins generally, has a comparatively small 
mount of muscular tissue, and its calibre varies but little under vaso- 
motor influence. It would therefore appear that these nerves contain 
bres exerting a trophic influence, and such an influence would no 
Roubt have an effect not only on the glycogenic, but also on the secretory 
Activity of the cells. 

Tt is very necessary to distinguish carefully between the bile-secreting 
And the bile-discharging mechanism. When a dilute acid is applied to 
she oritice of the bile-duct in the intestine, a suddenly increased 
Rischarge of bile occurs, and there can be little doubt that the. acid 
thyme which leaves the stomach has the same effect. The discharge is 
Aue to the contraction of the walls of the gall-bladder, and of the duct 
chat leads from it. In cases of biliary fistulz, however, the secretion of 
aile is found to be continuous, though not uniform ; the bile, however, 
Joes not pass into the intestine when digestion is not going on, but 
goes back along the cystic duct into the gall-bladder, where it is tem- 
oorarily stored. 

The sudden discharge of bile that occurs immediately on the 
wrival of food into the duodenum is not the only dose of bile that the 
cbyme receives ; the secretion continues to flow, but more slowly, and 
iltimately rises again, reaching its maximum some hours afterwards. 
Chis observation has been made chiefly on animals, in whom a biliary 
istula has been made, and all the bile is discharged through a cannula, 
sollected, and carefully measured ; a few cases of biliary fistula in man 
aave occurred after surgical operations for gall-stones, and measurements 
aave here also been made. It must be remembered that in such cases 
we are not dealing with « strictly normal state of things, and this quite 
well accounts for the discrepancies hetween the statements of various 
dbeervers as to when the greatest rise of bile-secretion takes place. 
Bernard says seven ; Bidder and Schmidt, twelve ; Kéllikerand Miiller, 
From three to five and six to eight ; Wolff,' from two to four and eight 

¥ Centralbl. med. Wiss, 1869, No. 6. 
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spleen liberates hemoglobin from a certain number of corpuscles, and 
that this is carried in solution in the blood-plasma of the splenic vein 
to the liver, where it is seized by the cells and manufactured into 
bile-pigment. Anyone can easily disprove this statement for himself, 
‘as Professor Schifer has recently done.' If blood be collected from two 
‘vessels, say, the splenic vein and the carotid artery, and allowed to 
clot, the serum will in each case be found free from hemoglobin. If 
the spleen takes any part at all in the elaboration of bile-pigment, it 
Goes not proceed so far as to liberate pigment from the corpuscles ; it 
may, however, render the pigment there more readily separable by the 
Yver-cells. 

Injection of an aqueous solution of bile-salts into the blood, accord- 
ng to Huppert,? is followed by an increase of bile-salts in the bile ; 
according to Socoloff,? this is not the case. This is a very fair sample 
‘of the knowledge we possess on the formation of these salts. In all 
probability the bile-salts (glycocholate and taurocholate of soa) when 

ed serve over and over again ; we shall discuss this question again 
ander the heading ‘The Fate of the Biliary Constituents’ (p. 687). 
For the present it will be sufficient to say that it is generally believed 
that the bile-salts in the intestine undergo breaking down, the simpler 
constituents so formed are absorbed, and taken to the liver again, 
where once more they serve for the building up of bile-salts. 


To the above general facts concerning the secretion of bile a few references 
to important experiments on which our knowledge is based may be here briefly 
added. 

Simultaneous ligature of the hepatic artery and portal vein abolishes the 
secretion (Rahrig). 

If the hepatic artery be ligatured the portal vein alone supports the secretion 
(Gehiff, Schmulewitsch,* Asp’). 

‘Complete ligature of the portal vein rapidly causes death; but if the branch 
to one lobe be ligatured there is a slight secretion in that lobe, so that in this 
case the bile must be formed from arterial blood (Schmulewitsch, Asp). 

If the blood of the hepatic artery is allowed to pass into the portal vein which 
bas been ligatured on one side, secretion continues (Schiff). 

Profuse loas of blood arrests the secretion. 

All conditions that cause contraction of the abdominal blood-vessels diminish 
the secretion ; so also do all conditions that cause congestion or stagnation of the 
blood in the vessels of the liver (Heidenhain "). 





Proc. Physiol. Soc. 1890, p. 9. 2 Arch. d. Heilkunde, v.87. 
% Pfldiger’s Archiv, iii. 598. 
4 Virchow and Hirsh, Med. Jahresb. vol. i. 1873, p. 143. 
5 Italian papers referred to in Hoppe-Seyler’s Physiol. Chem. p. 281. 
© Ber. sachs. Akad. Wiss. 1868. 7 Ibid. 1878, 
* Studien des Physiol. Inst. Breslau, Heft ii. 
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animal kingdom; the numbers given are in grammes per kilo. of body- 
weight in the twenty-four hours. 


Manbit | Gorse Crow 





19990 26416 | 13684 | 117T8E | 72006 
0-988 aad 247 ose S266 


Fresh bile. . 14°50 
Solids . - 2) 0816 








A number of observations have also been made as to the Influence of drags in 
promoting the flow of bile; but in these experiments, ax in those of 
nerves, it is necessary, but not always practicable, to distinguish between the bile- 
‘secreting mechanism (the liver-cells) and the bile-expelling mechanism (the con~ 
trotions of gall-bladder and bile-ducts). 

‘Mercurio chloride produces an increase of water and a diminution of the solids 
Gn the bile (Scott"). 

Calomel, merouric chloride, and taraxacum are not able to promote a flow of 
bile (Bennett, Rutherford, Gamgee)* These drugs, generally regarded as hepatic 
stimvlante, probably act on the bile-expelling mechanism, 

Podophyllin, rhubarb, aloes, colchicum are probably tre cholagogues 
Ratherford and Vignal)’ 

Various laxatives act in rabbits as cholagogues (Rbhrig),* 

The constituents of the bile.—The constituents of the bile are mucin, 
@ mucin-like nucleo-albumin, the bile-salts proper (taurocholate and 
glycocholate of soda), the bile-pigments (bilirubin, biliverdin, _e.), 
‘small quantities of fats and soaps, cholesterin, lecithin, urea, and in- 
ganic salts, of which sodium chloride and the phosphates of iron, calcium, 
and magnesium are the most important ; traces of copper are also stated 
‘to be present. 

Bile is a yellowish, or reddish-brown, or dark-green, transparent 
‘fluid. The cause of the variations in its colour is due to the pre- 
ponderance of the red (bilirubin) or the green pigment (biliverdin). Tt 
thas « musk-like odour, a bitter-sweet taste, and a neutral or faintly 
alkaline reaction. 

‘The bile removed from the gall-bladder is more concentrated than that 
intercepted on its way from the liver to the gall-bladder. There appear 
to be two reasons for this: first, during its stay in the gall-bladder a 
certain amount of its water is absorbed; and, secondly, there is added 
to it by the walls of the gall-bladder and larger ducts the substances 
which give it its viscidity (mucin and nucleo-albumin). The specific 
gravity of human bile from the gall-bladder is 1026 to 1032; that 
from a fistula 1010 to 1011 (Jacobsen). 

1 Beale's Arch. of Medicine, October 1858, * Brit. Med. Journ, 1869, p. 412. 

5 Thidd. October to December 1875, * Loo. cit. 

® The insufficiency of these explanations is, however, well pointed out by Yeo and 
Herroun, Loe. cit, p. 120. 
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Quantitative composition of human bile.—The following table, taken 
from Yeo and Herroun’s paper (the particulars regarding Copeman's 
case have been added), gives the mean percentage of solids in human 
bile as found by various observe 














Observer | Mean perosntaue of Origin of bile | i 
faaa| eee 
Copeman and Winston 14280 Biliary fistula (healthy person) 

Yeo and Herroun 1-3468 » nm (caseof cancer) | 

Jacobsen. ! 2-26 ” » (case 2) 
Ranke | 3:16 Broncho-biliary fistula { 
Trifanowski? | 9-021 Bile collected post mortem — 
1 | (various diseases) ' 
Gorup-Besanez? | 18:96 1, Sudden death of healthy 
Frerichs ? | 1408 \f individuals | 





Here the most striking fact is the low percentage of solids in fistula- 
bile as compared with bladder-bile. This cannot be explained on the 
score of ill-health, for the percentage in the first two cases is about 
equal ; it is only explicable partially by the fact that fistula-bile does 
not stay in the gall-bladder. The low percentage of solids is, as the 
next table shows, almost entirely due to want of bile-salts; this can 
be accounted for in the way first suggested by Schiff; that there is 
normally a bile circulation going on in the body, a large quantity of 
the bile-salts that pnss into the intestine being reabsorbed and again 
secreted. Such a circulation would obviously be impossible in cases 
where all the bile is discharged to the exterior and so lost. 

The following table gives analyses of human bile, in the 2nd and 3rd 
columns of fistula-bile, in the 4th column presumably of normal bile. 


ula bile (cuse of 



















. m hile (cure Normal bile 
Constituent« err Sas a \Frerich=) 
Sodium glycocholate ’ 0-165 1 
Sodium taurocholate } 10-6280; 0-035 } ort 
Cholesterin, lecithin, fa o-oHa0 0-038 18 
| Mucus . se O17 | . 
i Pigment =. 1! 00725 } Os 738 
Inorganic salts 4 O4510 | O-87R O78 
| (including ex- 
| ) 
= Total solids . . . 14230 1-284 
| Water (by difference)! 983670 | 98-716 
| Too0000 =| to0-000 








1 Pfliiger's Archiv, ix. 492. 
2 Lehrbuch d. physiol. Chem., by Gorup-Besanez, 8 Auf. p. 539. 
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This table illustrates the fact that of the two bile-salts the glyco- 
cholate is the more abundant. Many other observers who have 
published analyses of human bile note the same fact. The proportion 
of the two bile-salts is thus given in percentages :— 


Socoloff * HoppeSeyler* 
Sodium glycocholate . . 4804 . . 3:03 
Sodium taurocholate . 1567. >. O87 


Quantitative composition of the bile of the lower animals.—The 
following tables are taken from Hoppe-Seyler’s work on physiological 
chemistry (p. 302 et seq.) :— 


Percentage composition of dog's bile (analyses by Hoppe-Sesler’ 











Cohstituénts, * Bhudler bile Freshly nceretel bile 
I 1 I) 4 
Mein 2. | OBA 0-245 0-053 0170 
Sodium‘taurocholate =. || 11-989 | 12-602 3-460 3-402 
Cholesterin =... | 0-449 | “0-138 0.074 oo | 
Lecithin.) 5 1.) 2692 0-930 O118 121 
Fates Gk: ar ne 0g | 2841 0-083 0335 o239 | 
Soaps)... | B55 0-104 0-127 O10 | 
Other organic matters insoluble , | 
inalcohol . . 973 0-274 0-442 O548 
Inorganic matters insoluble in | 
alcohol =... 199 Es 0-408 - | 
ESO; Sc. hoe ew os | 0-004 = 0-022 Bek OF 
Nad, fo. tb 0080 = 0-046 = 
NaCl 0-015 = 0-185 = 
Na,CO, - 0-005 =e abet (I os 
Ca(PO,), « "0-080 = 0-039 = 
!FePO,  . 0-017 - oo21 | — | 
CaCO, Poof. 2 0019 an 0030 | | 
MgO... 009 - oo | — | 
i i ' 


We see, as before, that the bile from the gall-bladder is more con- 
~centrated than that which is freshly secreted, and that this is chiefly 
shown in the percentage of bile-salts, which in the dog consist almost 

_ exclusively of taurocholate of soda, The small percentage of sodium 
chloride is due to the fact that the greater part of that salt was dis- 
solved by the alcohol and not estimated. The amount of taurocholate 
present may be easily estimated from the amount of sulphur in the 
dry residue of the alcoholic extract, taurucholic acid being the only 
substance there that contains sulphur (see further p. 681). 


4 Piliiger's Archiv, xii. 54, 1 Physiol. Chem. p. 301. 
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aed 7 

Constituents Ox! | Pig? ixangaroot Goose ' Python* | 
! reo) 

Mucin and pigment 030 | oso | 434 | 236, 31 | om 

Bilesalts. 0... | 938 759 ' 1496! 16-4 846 

Cholesterin, lecithin, ! 8-00 jl | 1 

Teoria sats) 1 1 196 Joe | 7 j 210 te on 

Total solids... .| 986 | 11-20 | 1418 | 19:98 , 22-4 ose | 

Water . + + +) 9044 | 88:80 | 85:87 | 776 9042 | 





The dry residue of the alcoholic extract contains the following percen- 
tages of sulphur (Bensch,? Strecker) :— 


Dog . + 621 | Goat. . + 520 
For. 596 | (Pig e+ O88 
Wolf . + 503 Hen en + 496 
Bear . ‘eet | Pikes! oe OTT 
Ox. + 368 Cod. . + 666 
Calf . ~ £88 Perch . . «6 59 
Sheep + 671 | Plaice  . 591 


‘The amount of iron in the bile is important. ‘The irun is present 
asa phosphate, and there can be no doubt that it is derived from 
hemoglobin. The bile-pigment is formed from hemoglobin, but is free 
from iron, Some of this iron is stored in the liver-cells, some discharged 
as phosphate in the bile. The percentage of iron in the bile is thus 
given by various observers :— 


Observer 





Human bile | Dog's bile Ox-bile 
t 5 ut se 
Young" + | 0004 to0-010 0-016 0-003 to 0-006 
Hoppe-Seyler® 3 00-0062 0.0063 to 0-0078 — 
Kinckel”  . . _- 00058 aan 





The amount of iron discharged in the excretions (bile and urine) ix small 
compared with the amount of hremoglobin destroyed to form biliary and urinary 
pigments. The remaining iron ix stored in the liver-cells as a compound with 
nuclein and proteids. ‘The compound xo formed may occur in the form of 
pigment-granules in the cells, or as a diffuse, colourless, soluble substance. 
According to Delépine these iron compounds are once nore elaborated into new 


1 Berzelius, Lehrbuch, Drenden, 181. 
? Gundlach and Strecker, Ann. C/ 








|. Pharm. Axi 








3 Schlosxberger, Ibid. ex. 244. 
5 Otto, Aun. Chem. Pharm, clix. 189. 
© Vogtenberger and Scllosberger, [bic 
* Journ, Anat. and Physiol. (2), 

4 Pfluger's Archiv, xiv. 853. 


4 Marsson, 










rch. d. Pharm, Wii. 188. 


7 [id. Ixy. 215, 
% Loc. cit. 
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dead is precipitated, from which taurocholic acid may be prepared, as glycocholic 
.acid is from the glycocholate of lead. 

Hiifner’s method, as modified by Marshall! for obtaining glycocholic acid is 
the following: A little hydrochloric acid is added to fresh bile, the mixture 
shaken, and the mucinoid material so precipitated filtered off. Ethyl ether 
and hydrochloric acid are added to the filtrate; the proportion of 
filtrate : acid : ether= 100 : 5:30. The mixture is shaken and allowed to remain 
some hours, when crystals form, which are then collected on a filter, washed with 
water holding hydrochloric acid and ether in solution, ‘and dried in the air. By 
recrystallisation they are obtained perfectly colourless. 

In the preparation of taurocholic acid one would preferably use dog's bile. To 
determine its amount quantitatively take the dried alcoholic extract of a known 
-quantity of bile; evaporate it to dryness on the water-bath with fuming nitric 
-acid ; the sulphur is thus converted into sulphuric acid ; digest the residue with 
water, and determine the sulphuric acid by titration with alkali (p. 16): 
98 parts H,SO, = 32 sulphur; and 1 part sulphur =16'8 taurocholic acid. 

To prepare cholalic acid boil bile with caustic potash for twelve to twenty-four 
hours; then precipitate with hydrochloric avid; wash the precipitate with water, and 
dissolve itin caustic soda containinga little ether; render this acid hydrochloric 
-acid, and crystals form after a time ; decant, cover the residue with ether; drain 
off the ether in half an hour, and dissolve the deposit in boiling alcohol; to this 
solution add a little water till a permanent precipitate appears; tetrahedric 
-erystals of cholalic acid soon form. 

To prepare glycocine, glycocholic acid is boiled for a long time with strong 
hydrochloric acid ; the firm resin (bile-resin) that is formed consists of cholalic 
acid and dyslysin ; this is filtered off, and the filtrate yields on evaporation hydro- 
chloride of glycocine (C,H,NO,HCI), This is dissolved in water, treated with 
lead hydrate, filtered, and the soluble lead compound of glycocine in the filtrate 
«lecomposed by a stream of sulphuretted hydrogen. The lead sulphide is filtered 
-off, and the filtrate on concentration yields crystals of glycocine, which may be 
purified by recrystallisation. 

Taurine is best obtained from dog’s bile; this is concentrated and then boiled 
several hours with hydrochloric acid; the bile-resin is filtered off. and with it 
some sodium chloride which has crystallised out. Evaporate the filtrate to dry- 
ness, and digest the residue with alcohol, to remove the glycocine hydrochloride 
if any is present. The residue insoluble in alcohol is extracted with boiling 
water, and the extract left to crystallise; more sodium chloride separates, the 
taurine remaining in solution. Decant off the liquid, and add to it four or five 
times its volume of boiling alcohol; this dissolves the taurine, which separates in 
prismatic crystals as the liquid cools. To purify it, taurine may be redissolved in 
water, and recrystallised by the addition of alcohol. 

For the methods of obtaining the rarer forms of bile-acids the original 
memoirs (see footnotes, p. 88) must be consulted. 




















Pettenkofer's text. —The following reaction is given by bile, and by the 
bile-acids, and is apparently due to the presence of cholalic acid. Spread 
a drop of bile in a thin film on a porcelain capsule, and mix with it a 
drop of strong solution of cane sugar and a drop of strong sulphuric 
acid, and if necessary warm. A deep purplish-red colour appears, 


1 Zeit. physiol. Chem. xi, 288. 
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| When bilirubin is treated with oxidising agents a series of coloured 
products are successively formed. This constitutes Gmelin's test for 
bile-pigments. If a drop of bile be spread in a thin film on a 
geese resi ntl S srop of ttle ankd onion aa Re 
in the centre of it, the drop of acid becomes 
aa oe sics ob snloces trons, Teas stoke ont gd gatos 
The green colour is the first stage, the yellow the last stage in oxidation 
“The green pigment is biliverdin ; the blue or violet product is called. 
Bbljeyasitn ; its composition is unknown ;\i¢ shows certain ‘absorption 
bands. The red product has also not been further investigated. The 
end or yellow product was called choletelin by Maly,? whose formula 
for it is ete iDF- It is soluble in water, alcohol, acids, and 
alkalis, and is amorphous. MacMunn® describes the spectroscopic 
changes that occur as follows: As the blue colour appears a broad 
shading composed of two bands appears at D, then a black band close 
to F. The two bands first mentioned are separated by a narrow 
interval in which the D lineis seen (fig. 88, spectrum 1). As the colour 
changes progress the band after D fades away, then that before D ;. 
and when the yellow stage is reached one band, that at F, is alone 
visible (fig. 88, spectrum 2). 

Biliverdin has the formula C,HyNO, (Thudichum). It may occur 
‘as such in the bile; it may be formed by simply exposing red bile 
to the oxidising action of the atmosphere ; or it may be formed, as in 
| Gmelin’s test, by the more vigorous oxidation produced by fuming nitrie 
acid. Tt gives the remaining colours of Gmelin’s test quite well. 

Maly obtained biliverdin by the action of acetic acid or mono- 
chloracetic acid on bilirubin. It differs from bilirubin considerably 
in its solubilities, being soluble in alcohol, insoluble in chloroform and 
‘in water, almost insoluble in ether. It can be precipitated from bile 
by means of hydrochloric acid. It has never been obtained in 
erystalline form. 

‘Hayoraft and Scofield‘ have recently shown that not only may the bile~ 
Pigment ufdergo changes of un oxidative nature, but that reduction processes 
‘may occur also ; for instance, placing the positive pole of » battery in bile, and 
then completing the circuit, will cause a series of colour-changes to occur, indi- 
‘eating oxidation ; if, now, the negative polo be substituted for this the reverse 
series of colour-changes occurs, indicating redaction. They also show that under’ 
certain other circumstances, especially in the presence of putrefactive organisms, 
réduction may occur in the bile. 


P Heynsias and Campbell Pfliger's Archiv, v. 497. 

® Silz, Wien. Akad, lix, Abth, it 

> Clinical Chemistry of Urine, London, 1889, py. 70, 
# Zeit. physiol. Chem, xix. 178. 
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‘in itself and a substance like methemoglobin bave been described 

H the bile of animals killed by freesing, or after the injection of aniline, 

sluidine, and other substances that destroy the red blood-corpusoles (Wertheimer 
d Meyer '). 

_ Biliary wrobitin is » substance like urobilin, which has been sometimes found 

‘“MaoMann? in the bile of man, pig, ox, and sheep. The bile was treated with 

j and acetic acid, and filtered; the filtrate was dilated with water and 


a 








ecrae 


Bas with cbloroform. The chloroform became orange; this extrnet was 
@raporated on the water-bath, and the pigment extracted from the residue with 
rectified spirit, ‘This solation showed two bands very like those of bydr> 
bilirubin, With ammonia and zine chloride it gave a red, which on exposure to 
the afr became a green fluorescence, and by further oxidation it was made to 
fesemble cholctelin. Tho probable origin of this pigment in tho bile is as 





4 Compt. rend. eviii 357. 
* Proc, Hoy. Soc. No, 208, 1880; Journ. of Physiol. x, 108. 
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aatter of diffusion or filtration, and is a very different matter from 
{wethat occurs in dead membranes ; and there is perhaps no substance in 
[sehich the living activity of the cells is so much needed for wbsorption 
(res fat. 
Bile as a@ laxative and an antiseptic.—The feces in animals or 
‘human beings who suffer from jaundice or a biliary fistula are 
lextremely hard, and have an intense putrescent odour. Administra- 
s of bile relieves this condition ; it is also known that a large 
in the flow of bile has a purgative effect as in bilious diarrhea, 
| The bile itself is readily putrescible, and the power it has of diminish- 
‘ing putrescence in the fmces is due chiefly to the fact that by increas- 
peristalsis it hastens the passage of putrescible matters through the 
1 Copeman and Winston? performed a number of cultivation 
experiments with bacteria of different kinds, and found that, though 
‘Pile is able to a small extent to control putrefactive changes, the 
bacteria grew almost as readily in the tubes to which bile had been 
‘added as in those to which no bile had been added. Limbourg * made 
similar experiments, and estimated certain products of putrefaction 
ids and ammonia) in artificial pancreatic digestions with and 
‘without the addition of bile-salts. Tn the specimens where the bile- 
sult was present, these products were somewhat lessened. 
The fate of the constituents of the bile—We have seen that fistula- 
hile is poor in solids as compared with normal bile, and this is explained 
‘on the grounds that the normal bile-circulation is not occurring, and 
hence the liver cannot. excrete what it does not receive back from the 
intestine. Schiff‘ was the first to show that if the bile be led back 
into the duodenum, or even if the animal be fed on bile, the percentage 
‘of solids in the bile secreted is at once raised. It is on these experi- 
ments that the theory of a bile-circulation is chiefly founded. The bile- 
circulation relates, however, chiefly, if not entirely, to the bile-galts ; they 
are found but sparingly in the feces; they are only represented toa slight 
‘extent in the urine; hence it is calculated that seven-eighths of them are 
reabsorbed from the intestine, especially the large intestine, This is by no 
‘means the least curious of the phenomena of bile-secretion. The bile is a 
most elaborate secretion ; it is poured into the intestine, and finds 
apparently little to do ; it is split into simpler constituents, which then 
burry back by the portal vessels to the liver again, when once more they 
| unite to form bile-mlts. It is stated that of the two bile-salts, the 
| taurocholate is the more easily decomposed, Small quantities of cholalic 
acid, taurine, and glycocine are found in the freces ; some of the taurine 
1 MeKendrick, Physiology, ii. 129. * Journ, Physiol, x. 218, 
5 Zeit, physiot. Chem. xiii, 196. « Pfliger's Archie, iii, 998, 
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by the lymphatics, and entering into the circulation stains the skin 
and mucous membranes yellow, and passes into the urine ; in the urine 
bile-pigment may be easily recognised by Gmelin’s test ; bile-acids are 
more difficult to discover, and seem to be often absent in the urine of 
such cases. Non-obstructive jaundice and cholemia are described in 
Chapter XVI (p. 311). 

Cholestere-mia,— Flint! considers that the separation of cholesterin by the bile 
is essential for the maintenance of the healthy activity of the nervous system, and 
that derangements of this secretion lead to nervous symptoms, which he designates 
by the name cholesterwmia. These observations require fuller investigation 
before they can be accepted. 


Gall-stones.—These are concretions that may occur in the biliary 
passages, or more frequently in the gall-bladder. They consist chiefly 
of cholesterin, with a smaller amount of calcium carbonate. They may, 
or may not, be infiltrated with bile-pigment. y. Planta and Kekule? 
analysed some gall-stones which contained 90 per cent. of dry 
cholesterin. In some cases, however, the most important constituent 
is bile-pigment. Thudichum* found that the bile-pigment is chiefly 
bilirubin, not, however, free bilirubin, but a calcium compound of the 
pigment called bilirubin-calcium. In some gall-stones of this nature 
‘Maly found 28 to 45 per cent., and Phipson‘ 61 per cent. of bilirubin 
Stadeler found in addition biliverdin, bilifuscin, biliprasin, and bi 
humin. The nucleus or central portion of a gall-stone appears to be 
chiefly mucus.* Other constituents occasionally found in gall-stones are 
zine (Thudichum and Maly), iron, copper, and manganese (Bley,é 
‘Wurzer’), fats (v. Planta and Kekule), silica (Pleischl,® Bley), uric acid 
(Stockbardt,? Marchand'®), and in cases of typhoid fever and tuber- 
culosis fat-globules (Gorup-Besanez!'). 





The Secretion of the Gall-hladder 


B, Birch and H. Spong "? obtained this secretion in two cases of biliary fistula 
in human beings, in which the bile channels were completely shut off from the 
gall-bladder. The amount secreted daily was 20 to 30 c.c. The fluid had the 
same characters in both cases; it was clear or faintly opalescent, viscid, and 
had a specific gravity of 1011 or 1012. It was always distinctly alkaline. 
It contained 2 per cent. of solids; 1-2 per cent. organic (mucin and a trace 





1 Austin Flint, jun. Kecherchea exp. aur une nouvelle fonction du foie, Paris, 
1868. 
¥ Ann. Chem. Pharm. \xx 







3 Quart. Journ. of the Chem. Soc. 1864. 
* Lehmann.Gmelin’s Lehrbuch, viii 
7 Schweigg, Journal, viii. 65. 

® Dias. Lipsive, 1882. 
M Lehrbuch, p 








© Zeit. rat. Med. i 
12 Journ. of Physiol. 
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of proteid); 0-8 per cent. inorganic, of which the most abundant silt 
sodium chloride. They do not regard this fiuid as playing any important yar in 
the digestive process. 


The Invertebrate Liver 


‘The so-called liver of invertebrate animals appears, in those cases in which 
an examination of its properties has been made, to fulfil the functions of 1 
pancreas. A. B, Griffiths' found that the secretion of the ‘liver’ of the 
limpet, like that of cephalopods, converts starch into sugar, forms an emulix 
with fats, and a soluble ferment extracted from the glands converte fibrin imto 
peptone, leucine, and tyrosine. The secretion itself contains proteids, leaciae, 
and tyrosine, but no biliary acids. Glycogen also could not be detected ia 
either the organ or its secretion. The glycogenic function of the vertebaw 
liver is performed in molluscs by the connective-tissue-cells (Blundstone *). 

Whether the gland that secretes the ink in sepia corresponds to a liver a 
matter of doubt. The secretion is not digestive ; it is used to colour the sea-water 
and cover the flight of the animal. It has been investigated by Schwartzenbach* 
and Hosacus,‘ who find the black pigment is its chief constituent (80 per cent. of 
the dry solids): there are also small quantities of 2 mucinoid substance, carbonate 
of calcium and magnesia, sulphate and chloride of sodium. Nencki and Siebet* 
have recently separated from the pigment an acid sepiaic acid, containire 
carbon, hydrogen, oxygen, nitrogen, and sulphur, 








fi. 894; Proc. Hoy. Soc. Edin, xi 


 EXXViii. 442. 3 Liebig's Jahresh. 162, p. 33. 
4 Arch, d. Pharm. (2), exx. 37. 


8 Nencki and Sieber, Chem. Centralbl. Lees, p. 587. 
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CHAPTER XXXV 
PUTREFACTIVE PROCESSES IV THE INTESTINE 


Tue ancients regarded the whole digestive process as one of the nature 
of putrefaction; they used the term no doubt in a loose sense, but the 
earliest experiments of Réaumur, Spallanzani, and Beaumont showed 
that in the stomach at least there is no formation of malodorous gases, 
the presence of which is the most palpable evidence of putrefaction. 
This has since then been a matter of common observation; in certain 
disordered conditions of the stomach, gas-forming fungi may flourish and 
cause flatulence and eructations (p. 650), but during the normal diges- 
tive process in the stomach these are absent. Since we have known more 
about putrefaction and its causes, it has heen found that bacteria do 
not flourish readily in acid media; @ priori then we should not expect 
them to be active in the stomach. The actual investigation of the 
question has been made by Harris and Tooth,! who, using the latest 
bacteriological methods, have been able to demonstrate satisfactorily 
that the general belief in the absence of the activity of micro-organisms 
during gastric digestion is well founded. Straus and Wurtz? have 
found that gastric juice is an actual germicide, and destroys the bacillus 
anthracis, the cholera bacillus, and many others. 

In the intestine, however, especially in the large intestine, putre- 
factive processes always occur. The bacteria are introduced with the 
fool, but escape the direct action of the gastric juice. They may be 
diminished by purging, which produces rapid removal of the products of 
putrefaction, or by the administration of antiseptics; the use of these, 
however, in man is limited ; large doses of iodoform or calomel, such 
as Baumann? and Moran‘ administered to dogs with success, would be 
exceedingly dangerous to use in human beings. 

We have already seen that these processes are kept within normal 
limits hy the natural antiseptic, the bile. Within such limits putre- 
faction is probably a useful process, acting on food very much in the 
same way as does the pancreatic juice. In many cases the organisms 
exert a peptonising action, and only seldoma diastatic action (W. Miller’), 








1 Journ, Physiol. ix. 990. 

2 Archives de méd. expérimentale, 1890; ace Brit. Med. Journ, vol. i. 1890, p. 952. 
See also Falk, Virchow's Archiv, xciii. 117; Frank, Deutsch. med. Wochenach. 1884, No. 24. 

2 Zeit. physiol. Chem. x. 198. « Ibid. p. 818. 

5 Chem. Centralbl. 1886, p. 580. 
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Vignal! separated an enormous number of microbes from the faces, sx 
of which are found in the mouth also, and many of them have consider. 
able digestive action. Many are fat-splitting. Other organisms bring 
about the formation of leucine and tyrosine, indule and skatole, lactic 
and butyric acids, &c. A useful function fulfilled by the organise 
appears to be the destruction of poisonous substances, such as cholin, 
the alkaloid derived from lecithin. It is possible that if other alkaloids 
(leucomaines) are formed by the processes occurring in the intestioa 
these also are destroyed, for they are absent in the normal excreta 
It need hardly be said that an excessive amount of putrefactive chug 
in the intestines is injurious, producing distension of the abdomen 
the gases which accumulate, and other forms of discomfort. Tx 
amount of putrefactive change occurring in the alimentary caul 
elsewhere in the body as in putrid abscesses is best measured byte 
amount of certain products in the urine. These are termed ethereal 
sulphates ; the indole, skatole, cresol, phenol, and a few other substans 
formed by putrefaction are absurbed in very large measure, and excréel 
in the urine as combined sulphates. The methods of estimating thee 
will be described under Urine. 

The gases of the intestinal canal have been analysed by Plant’ 
Ruge,? and Hofmann.’ They vary a good deal with the diet. Te 
following are Planer’s numbers (from dogs) in 100 volumes of the mistar 
of gases:— 


mult Intestine Large intestie 
Gasca = e 

‘Meat dict Bread diet Vegetable diet! = Meat dict Vegetatde 5 
fives ae Se SS eae 
co,. . 401 388 472 w42 6 
i, . 13:9 3 7 14 2 
las : ee 08 z 
OF 05 of = Ee = 
Ne ¢ 455 oA 40 236 ay 


The following are Ruge’s figures ; the gases were obtained ina 
human beings:— 





Milk diet Meat dict Vegetatie it 





C0; 2 ar on al 9to 16 8tol3 | ato 
|B, Sad 43 to BL 07 to3 Lto4 
“CH, 2. e * oo 26 to 37 441035 
he a oar: 26 to 38 45to64 =, 10 to 19 

+ Compt. rend. ev. 311. ? Sitzungaber. Wien. Akad. wii. 


3 Ibid. xliv. 4 Wien. med. Wochensch. 1873, No. 
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Oxygen and sulphuretted hydrogen were found in traces only ; 
Hofmann found no marsh gas in rabbits. 

The carbonic acid, as is seen in the above tables, is always present 
in large quantities, especially in the large intestine, and especially when 
the diet is vegetable. Its sources are the decomposition of carbonates, 
acetates, and lactates in the food, the alcoholic fermentation of dex- 
trose in the intestine, the putrefaction of carbohydrates (especially 
cellulose) and proteids, the butyric fermentation of lactic acid, and the 
putrefaction of choline. The enormous quantity of gas discharged in 
cases of hysterical flatulence consists largely of carbonic acid ; it is 
possible it may have simply diffused from the blood-vessels. 

The hydrogen is most abundant on a milk diet ; its source is the 
butyrie acid fermentation of lactic acid (p. 103). 

The marsh gas is derived from the decomposition of acetates and 
lactates. Hoppe-Neyler! represents the decomposition of calcium acetate 
by the equation (C,H,0,),Ca+H,0=CaC0,+CO,+2CH,. It is also 
derived from the decomposition of cellulose (Hoppe-Seyler,? Tappeiner,> 
Henneberg and Stolmnann‘). Hoppe-Neyler’s formula for the reaction 
is CyHyo0;+H,O=3CO,+3CH,. Henneberg and Stohmann con- 
sider that hydrogen, acetic acid, and butyric acid are also formed, their 
equation for the reaction being 21C,H,)O,+ 11H,O=26CO, +10CH, 
+6H,+19C,H,O,+13C,H,O,; whichever equation is correct, the 
fact remains unaltered that a vegetable diet is that which yields most 
marsh gas. A third and small source of marsh gas is from the choline 
of lecithin (Hasebroek 5). 

The nitrogen is derived chiefly from the swallowed air; the oxygen 
is largely absorbed ; nitrogen is also contained in the ammonia, which 
is the result both of pancreatic digestion and putrefaction of proteids. 

The hydrogen sulphide is derived wholly from the putrefaction of 
proteids. 

We may in conclusion briefly glance at the matter of putrefaction 
from another point of view, namely, its action on each class of the 
proximate principles of food. 

Action on fats.—This is a fat-splitting action, exactly similar to that 
produced by the steapsin of the pancreatic juice. Putrefaction in 
addition produces lower acids (valerianic, butyric, &c.) of the fatty 
series. Lecithin is similarly decomposed into its acid (glycero-phos- 
phoric) and choline which then breaks up into carbonic acid, marsh gas, 
and ammonia. 

Action on curbohydrates.—The chief fermentation here is the lactic 
acid followed by the butyric acid fermentation (see p. 103). 


1 Zeit. physiol. Chem. ii. 561, 2 [bid. x. 901, 401. 
3 Zeit, Biol. xx. 52; xxiv.105, 4 Ibid. xxi. 618. 5 Zeit. physiol. Chem. xii. 148. 





CHAPTER XXXVI 
THE FECES 


Tue feces consist of the indigestible and undigested portions of the 
food, products formed from food-stuffs by the digestive ferments (indole, 
skatole, soaps, &c.), and certain constituents of the digestive secretions 
(mucin, altered bile-pigment, é&c.). 

The amount of the feces varies with the amount and character 
of the food. Over-eating entails voluminous excrements, since, though 
much of the food taken may be digestible, it escapes digestion and 
absorption simply because its amount is too great for the digestive 
ferments to act upon, or for the absorbing surface to come in contact 
with. Ona mixed diet of moderate amount in man, Liebig calculated 
that the weight of the freces is one-seventh to one-eighth of the food 
taken. Calculating both food and faces in the dry state, Bischoff and 
Voit found in dogs that with a nitrogenous diet the feces weighed one- 
tenth to one-fourteenth, with a bread diet one-sixth to one-eighth of the 
food. The amount of water in the feces varies considerably in health 
from 68 to 82 per cent. In diarrhea it is more abundant still. 

The constituents of the freces may be classified as follows :— 

1. Undigested foods: fata, carbohydrates, and proteids, if any of 
these are present in excess in the food. On a moderate diet, unaltered. 
proteid is never found. 

2, Indigestible constituents of the food : cellulose, keratin, mucin,! 
chlorophyll, gums, resins, cholesterin. 

3. Constituents digestible with difficulty : uncooked starch, tendons, 
elastin, nuclein, various phosphates, and other salts of the alkaline earths. 

4. Products of decomposition of the food : indule, skatole, phenol, &c. ; 
fatty acids, formic, acetic, butyric, isobutyric,? caproic, valerianic; other 
acids, lactic, malic, succinic, &c. Some of these acids are free ; some in 
«ombination with ammonia and other bases; hematin from hemoglo- 
bin ;? soaps, especially calcium and magnesium soaps of oleic, palmitic, 
and stearic acids (the soluble soaps are, of course, to a large extent 

1 Mucin which has been separated out by means of lime water and acetic acid ix 
veadily digestible by artificial pancreatic juice (see p. 481). Mucin as contained in macux, 
however, appears to be quite unaltered by the natural juices. 


? Brieger, Ber. deutach. chem. (ies. x. 1027. 
3 Hoppe-Seyler, Physiol. Chem. p. 889. 
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absorbed) ; stercorin, a product of decomposition of cholesterin: this 
substance was described by Flint,' but its existence is very doubtful; 
excretin (('y9H3,0), another doubtful substance described by Maret! 

5. Bacteria of all sorts and débris from the intestinal wall: cells, 
nuclei, mucus, &c. L. Hermann? found in a loop of intestine separated 
in the manner of Thiry and Vella that at the end of some weeks it 
was filled with bacteria, cellular débris, and often fat, the whole mas 
having a fecal appearance. 

6. Bile residues: these are mucin, traces of bile-acids and their 
products of decomposition; cholesterin and lecithin, the latter in trace 
only are also found ; these two substances also partly owe their origin 
to the ingested foods. The bile-pigments as such are not present, bat 
are changed into a substance like hydro-bilirubin, which is called denm 
bilin.’  Stereobilin may originate also from the hematin in the fod 
(MaeMunn*). Hoppe-Seyler,* however, who made experiments on dog, 
found that hematin is easily discoverable in the feces, and regards it 
as improbable that stercobilin originates from the hemoglobin of te 
food. This subject merits renewed study, and the experiments should 
be made on animals in which no bile is allowed to enter the intestine. 
The meat of the food cannot, however, be a large contributor to the 
pigments of the freces, as the stools of jaundiced persons are chy- 
coloured even if they are on a meat diet. Hydro-bilirubin and sterv- 
bilin are usually considered to be produced by reduction process: 
MacMunn, however, regards the formation of stercobilin as one of inter 
mediate oxidation ; by further oxidation it may be transformed intes 
substance like choletelin, the most highly oxygenised product of the bile 
pigment with which we are acquainted. T. J. Walker? has recontl 
two cases in which the liver was apparently healthy, but the pancreat 
duct was occluded ; the fwees in these cases were free from stenr 
bilin, being clay-coloured as in jaundiced persons. He therefore cou 
cludes that the pancreatic ferment is in some way necessary for th 
formation ot the frecal pigment. 

Stereobilin may be most readily prepared by extracting the fre: 
with acidulated alcohol (17 parts of rectified spirit to 3 of sulphori 
acid) ; the extract is diluted with water, and shaken with chloroform: 
the chloroform dissolves out the pigment and may be driven off br 
evaporation. 





' Recherches exp. aur une nouvelle fonction du 
2 Ann. de . ot de phys. lix. 91. Du Bois Reymond's Archie. 
* Vauluir and Masins, Centr, med, Win. 1871, No, 24. 

% Journ. of Physiol. x. 115. © Physiol. Chem. p. 389. 

1 Medico-Chirurgical Trans. vol. Ixxii. 1889, p. 257. 


ie, Paris, Ltt, 
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Before proceeding to describe the spectroscopic appearances of this substance 
it must be acknowledged that as yet spectroscopic analysis is the only method 
yet applied to this and related pigments (hydro-bilirubin, urobilin, &e.); it is 
possible in the future that other methods of investigation may confirm or correct. 
the knowledge obtained by the spectroscope. Another possible source of error is 
the admixture of unchanged hematin with such pigments, and a third difficulty 
arises from the fact that there are probably intermediate products between 
bilirubin and stercobilin which occur in different proportions in different prepara- 
tions. This last assumption is confirmed by the differences obtained in measure- 
ments of the bands of stercobilin in different preparation One of these inter- 
mediate products appears to be absorbed, carried to the liver, and there excreted 
into the bile as biliary urobilin (p. 685); by further oxidation biliary urobilin 
can be artificially changed into a pigment closely resembling stercobilin. 

‘The absorption spectrum of stercobilin is practically identical with that of 
hydro-bilirubin (fig. 88, spectrum 3, p. 685). We have seen, however. that hydro- 
bilirubin after treatment with zine chloride and ammonia shows a green fluor- 
escence and a three-banded spectrum ; stercobilin, on the contrary, though it shows 
the same fluorescence. gives a four-banded <pectram. There are also certain 
differences in the spectra of the two substances after treatment with other reagents, 
such as soda, or zine chloride by itself, or ammonia by itself. The spectroscope 
thus teaches us that the two substances cannot be identical. Still more does the 
spectroscope teach us the non-identity of either of these pigments with urobilin. 
Jaffé! and Maly? first described urobilin, and considered that it originated from 
bilirubin, that bilirubin was changed into hydro-bilirubin in the intestine, and then 
partly absorbed and excreted in the urine. Subsequent investigations have, how- 
ever, shown that there are two pigments or their chromogens in the urine which 
have each received the name urobilin; one is normal urobilin, which shows the 
same spectrum as choletelin, that is one band only (at F); the other pathologicat 
urobilin which occurs in certain diseased conditions is possibly identical with 
stercobilin, and no doubt originates in the intestine as Maly considered. 

Normal urobilin does not necessarily arise in the intestine from stercobilin; in 
Copeman and Winston’s case of biliary fistula,” no bile engered the intestine, but 
the urine was not colourless; it contained ordinary urobilin. In cases of ex- 
travasation of blood, the destruction of blood-pigment mity give rise to pathological 
urobilin in the urine,‘ and moreover normal urobilin was obtained artificially by 
MacMunn by acting on acid hematin with hydrogen peroxide. Pathological 
urobilin is regarded by MacMunn as a less highly oxidised product than normal 
urobilin, It thus appears that if the urine pigment be formed in the liver, it is 
unnecessary for it to go through the stage of bile-pigment, though this stage 
probably occurs under normal circumstances. This subject will be more fully 
dealt with under Urine (Chapter XLT). 


























Meconium 


The meconium, or the cuntents of the intestine of new-born 
children, is a greenish-brown, almost black, viscid material. Its 
reaction is generally acid. On microscopic examination it shows 
leucocytes, often stained green, columnar epithelium cells from the 





1 Centralbl. med, Wiss, 1868, p.241. 2 Ann. Chem, Pharm, elxi. 868; elxiii. 77. 
3 Journ. Physiol. x, 918. + Canex recorded by MacMunn, Ibid. p. 88. 
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intestinal wall, fat-globules, and crystals of cholesterin. Zweifel found 
it contained 20 to 27 per cent. of solids, of which 1 per cent. was 
inorganic, the remainder organic ; the percentage of fat and fatty 
acids was 0°75 ; that of cholesterin was also 0-75. The chief organic 
constituents are the bile-salts, more or less changed ; the bile-pigments 
bilirubin and biliverdin, not changed at all, and mucin. 

The inorganic constituents are phosphates and sulphates of magne. 
sium and calcium, oxide of iron and sodium chloride. 

The most remarkable difference between meconium and free b 
in the pigment. In meconium, stercobilin is absent ; in addition to 
biliverdin and bilirubin, it contains a small quantity of a purplish 
pigment, which gives a narrow absorption band before D, and another 
darker and wider between D and E, which is probably an oxidation 
product of bilirubin (Hoppe-Neyler).! 

In fact, meconium is, as Mott? puts it, little else but concentrated 
bile. 


Pathological Alterations in the Faces 


Section of the nerves going to a leop of intestine paralyses the 
blood-vessels, and causes an abundant watery exudation. Tf thee 
nerves contain fibres which are secretory in function, this increas 
flow of fluid may be in part a paralytic secretion of the intestinal 
glands (Moreau). 

Purgatives act in various ways, some exciting a flow of fluid int 
the intestine, some increasing per: 





talsis, others acting in both ways 
The excito-secretory action of saline purges, like magnesium sulphate. 
is probably due to their irritant properties, and not simply to osmos: 
the low diffusibility of the salt, however, impedes the absorption of thr 
secreted fluid (Hay). 

The diarrhora of certain diseases (typhoid, cholera, dysentery, s! 
is probably due to specific poisons produced by bacteria. Ordinary 
diarrhaa is due to the irritant action of bad or indigestible food, or 
accumulation of hard fees, or it may be produced in certain form « 
emotion. 

The rice-water stools of cholera contain a low percentage of solids 
very little proteid, little or no blood, a vast amount of intestiol 
epithelium, leucine, and tyrosine, and perhaps certain ptomaines. 

Blood and pus appear in dysentery, and occasionally in typhoid 
fever. If the blood is small in amount, the hematin which is formed 
gives the stools a dark, almost black colour. If the amount of blow! 


1 Physiol. Chem. p. 840. ? Practitioner, Aug. 1890. 
3 Compt. rend. 1858, p. 554. + Brunton's Materia Medica, p. 42. 
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is large, as in ulceration into a hlood-vessel, the corpuscles and hremo- 
globin are for the most part unchanged. 

Typhoid stools contain abundance of ammonium carbonate, and 
ammonio-magnesium phosphate often in crystals. Skatole is absent 
<Brieger'). 

In intestinal catarrh the fwces are watery, and contain albumin, 
an increased percentage of salts, urea, and alloxan. The urea is also 
increased in urwiia ; it may, however, be converted into ammonium 
carbonate. The chief salts in the stools in all cases of diarrhoa, 
cholera included, are chlorides of sodium and potassium ; the amount 
of chlorides in the urine is correspondingly diminished (Schmidt). 

In jaundice, bile is absent, and the stools are hard and clay-coloured. 
T. J. Walker recorded two cases in which clay-coloured stools occurred, 
though the liver was apparently healthy ; the pancreatic duct was, 
however, occluded. In some forms of diarrhea there is an excessive 
amount of bile present. 

In cases where either the bile or pancreatic secretion is diminished 
or absent, the fat of the food is in great measure not digested, and 
passes away in the feces. In sume of these cases the fats or their 
soaps are found in a crystalline condition in the fwces (Oesterlein,? 
Stadelmann *). 

The administration of the salts of mercury or iron causes the feces 
to be black from the formation of the sulphides of those metals. 

Gall-stones may be present, having passed from the gall passages 
into the intestines. 

Scybale are hard masses of feces containing a good deal of dried 
mucus. 

Intestinal concretions consist generally of earthy phosphates ; but 
they may contain chiefly organic matters, fat, hair, vegetable fibres, 
and in some animals (antelopes) two special components, named 
Tithofellic (CygH3g0,) and ellagic (C\,H,O,+2H,0) acids, have been 
described (Ettling and Will, Gorup-Besanez *). 

Such very briefly is an enumeration of the pathological conditions 
met with in the feces. To the practical physician, the subject of 
properly recognising these is a matter of paramount importance, and 
for further imformation on the subject, the reader is referred to 
sworks on materia medica, medicine, and pathology. 


1 Ber, d. chem. Ges. 1877, p. 1081. ? Characteristik der Cholera, Leipzig, 1850. 
3 Mitth. a. d. med. Klinik in Wirzburg, i. 1. 4 Archit f. klin, Med. 
+ Lehrbuch, 1874, p. 
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CHAPTER XXXVII 
ABSORPTION 


Foon is digested in order that it may be absorbed. Certain change 
are produced by the action of the digestive secretions on the food, br 
means of which it is reduced to such a condition that it may pass more 
easily into the blood-vessels and lacteals of the intestinal walls, In 
the mouth and esophagus, the thickness of the epithelium and thy 
quick passage of the food through these parts reduce absorption toa 
minimum. Absorption takes place rapidly from the stomach ; it is 
stated that most of the peptone formed in the stomach is absorbed 
before the chyme passes into the duodenum. The small intestine with 
its folds, and villi to increase its surface, is, however, the great place fer 
absorption ; and although the villi are absent from the large intestin, 
absorption occurs there also, but to a less extent. 

Some fouls, such as water and certain salts (sodium chloride, é.t 
are not acted on by digestive juices, but are absorbed unchangel. 
The organic foods, however, undergo « change from a colloid toa 
diffusible condition ; thus proteids are changed into peptone, and stanb 
into sugar: these soluble substances diffuse into the neighbourinz 
vessels. The fats undergo a double change ; the smaller amount + 
saponified, and soluble soaps are absorbed like other soluble material: 
the greater part of the fat is, however, emulsified, that is, reduced 
a fine state of subdivision; the minute fat-globules pass into the 
vessels by a mechanism which will require special description. 

The question as to whether the lymphatics are the only absorbents 
was settled by Magendie, who showed that if the thoracic duct uf x 
animal be ligatured, and a soluble poison introduced into the intestine. 
the animal dies quickly because the poison has been taken into tht 
blood-vessels. 

Absorption is partly a physical process, namely, that of diffusion 
Water, sults, and sugar pass out of the intestinal canal into blood « 
lymph, when the fluid in the intestine is richer in those substagges 
than the blood or lymph ; and the greater the difference hetween the 
contents of the intestine and that of the vessels, the more rapidly de 
diffusion occur. The process is thus not simply one of filtration under 
pressure caused hy the movements of the intestine. The rate of diffusion 
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is increased by the fact that all the fluids concerned are in motion, and 
so new layers of fluid are successively heing brought into juxtaposition. 

‘Absorption is by no means a mere physical process: we must also 
take into account the fact that the cells through which the fluids pass 
are living, and have a power of, not only selecting materials for 
absorption, but also of changing those substances while in contact with 
them. It is in the absorption of proteids and fats particularly that 
the vital properties of the cells come into play.!' The cells are of two 
kinds: (1) the columuar epithelium that covers the surface, (2) the 
lymph-cells in the lymphoid tissue of the corium. ‘There are also 
special collections of lymphoid tissue called the solitary and agminated 
glands. Stuhr? has recently pointed out that the lymph-cells make 
their way out between the epithelial cells into the intestine, especially 
during digestion ; and perhaps these may take a greater part in absorp- 
tion processes than has been hitherto considered to be the case. 

Absorption of carbohydrates.--The sugar formed by the salivary 
and pancreatic juices from starch and glycogen is maltose ; that found 
in the blood, and in the lymph, is glucose. The inversion of maltose 
into glucose appears to be brought about by the succus entericus, or it 
may partly occur in the passage of the sugar through the epithelial 
cells of the intestine. 

Lactose is changed for the most part into glucose in a similar way 
before absorption? Cane sugar is inverted into glucose before absorp- 
tion, but here again small quantities may be absorbed as such, as it has 
been found in the portal blood,‘ and in the urine. Small quantities of 
dextrin have been found in portal blood. Komanvs found small quan- 
tities of inulin in the portal blood after ingestion of that substance.® 

Tt may thus be stated in general terms that carbohydrates .arr 
absorbed as glucose, which passes chiefly into the blood-strean.? It only 
penetrates the villi to the central lacteals when present in excess 
(see p. 337). 

1 It has been already pointed out (pp. 14, 15) that osmosis through living membranes 
iu modified by what we must call for want of a better name, the vitality of its cells. ‘The 
selective power of the cells of the alimentary tract was well shown by Tappeiner (Vien. 
Sitsungaber. Ixxvii. p. 981; 1874), who found that bile salt were absorbed by the ileum, 
but not by the duodenum or jejunum. Susini (Journ. de "Anat. 1868, p. 144) also found 
that potassium ferrocyanide passes through the intestinal wall with greater ease than 
through the stomach wall. See alno Reid (Journ. of Physivl. xi. $12). 

2 Archiv fitr mikros. Anat. xxxiii. 

W The cases in whic 6 been found in the urine are nursing mothers (Hof. 
teinter, Zeit. physiol. Chem. i.101). In such eases the agar would not come from the 
alimentary canal. 4 Drosdoft, Ibid, Heft iv. 

3 Seegen, Pfliiger's Archiv, x1. 48. © Disa, Strasburg, 1875. 


7 Pavy's statement (Internat. Med. Congress, 1890) that the wugar in the portal vein 
in maltose, must, for the preseut, be accepted with cantion, 
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Later Hofmeister! found in the blood of animals during digestion 
small quantities of peptone; but these were sometimes absent. 
hmidt-Mulheim, Plész and Gyergyai? and Drosdoff* had before 
this found traces of peptone in portal blood. This was, however, in 
the days before the use of ammonium sulphate as a reagent for the 
separation of peptones. Neumeister,‘ who has employed this reagent, 
proves most conclusively that both peptones and albumoses are always 
absent from both blood and lymph, even during the most active 
periods of digestion. It is as well for us that they are, as they are 
most violent poisons, causing a rise of temperature, a fall of blood- 
pressure, and a change in the blood, rendering it uncoagulable. 





Neumeister also found that, although it is possible after injection to recognise 
the presence of albumoses and peptones by their effects in rendering the blood 
uncoagulable, they cannot be demonstrated there by chemical means; their 
secretion by the kidneys begins ten minutes after injection. In the dog he found 
that the albumoses underwent hydration before appearing in the urine, the 
primary albumoses appearing as deutero-albumoxe, the deutero-albumose as 
peptone. Probably this digestion occurs by means of the pepsin secreted by the 
kidneys in the urinary tubules, where there is momentarily a formation of free 
acid. In the rabbit no such change occurs; the urine contains no pepsin in this 
animal, and the albumoses injected into the circulation are secreted as such. 

Where, then, during normal digestion does the change from peptone 
into the blood proteids occur? It must occur during the actual pro- 
cess of absorption ; though whether the epithelium-cells, or the lymph- 
cells, or both are the active agents in producing the dehydration there 
is at present no evidence to show. 











There is, however, evidence to show that the mucous membrane as a whole 
has this power. Hofmeister® found that the mucous membrane of the stomach 
and intestine are the only parts of the body in which a supply of peptone is 
always found during digestion. A stomach recently removed from an animal bas 
also the power of reconverting peptone into native proteid. V. Ott * and others, 
who have carried out researckes in Kronecker's laboratory, uso the word serum- 
albumin synonymously with the proteids of the blood-plasma. The actual proof 
of the obtaining of serum-albumin is in their case by no means satisfactory ; it ix 
not achemical, but a physiological one. A solution of ‘ serum-albumin’ artificially 
circulated through a frog's heart has the power of keeping it beating ; this power 
is not possessed by a similar solution of peptone. If, however, the solution of 
peptone be placed into the stomach of a living dog, and withdrawn in a few 
minutes, it is again capable of keeping the heart beating. This is regarded as 
sufficient proof that the stomach had in this time reconverted or regenerated the 
+ peptone’ into ‘serum-albumin.’ Miss Popoff? showed that the same result 
followed if, instead of putting the solution of peptone into the stomach, it were 





1 Zeit. physiol. Chem. 1882, p. 51. 2 Pfliiger’s Archiv, x. 586. 
3 Zeit. physiol. Chem. 1877-%, p. 21 4 Zeit. Biol. xxiv. 972. 
5 Zeit. Physiol. Chem. ix. v. vi.; Arch. . exp. Path.u. Pharm, xix. See also Salvioli, 
Du Bois Reymoni’s Archiv, Suppl. 1840, p, 112. 

© Archiv f. Physiol. 1888, p. 89. 

7 Zeit. Biol. xxv. 427; sec ulso Misn Brinck, Ibid. 458. 
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osmic acid are allowed to remain there forty-eight hours, and then broken 
up in water, or some may be imbedded and sections prepared. The fat- 
globules will be found both in epithelium-cells and lymph-corpuscles ; 
the latter convey them to, and discharge them into, the central lacteal. 

The columnar epithelium during absorption.-—Each cell is com- 
posed of protoplasm, so soft and yielding, that the leucocytes that occur 
amongst the columnar cells are able to indent it. The attached end is 
always truncated and flattened where it rests against the basement 
membrane ; it is never prolonged into an arborescent process which 
passes into the corium, and anastomoses with processes of lymph-cells, 
as some have supposed. The bright border is by no means firm, 
resisting or protective to the rest of the cell, but it appears to surpass 
the rest of the protoplasm in the readiness with which it imbibes fluid, 
and becomes swollen in consequence of such imbibition. Whatever 
may be true for the hypoblast of simpler animals (sponges, ccelenterates, 
&c.), in vertebrates, the border of the cell is never thrown into ameboid 
Processes. 

During fat absorption, these columnar epithelium cells become filled 
with fatty globules of variable size, but generally larger near their free 
borders (figs. 88 and 90). These globules pass down to the attached 
portion of the cell, the larger ones breaking down into smaller ones 
during this journey. How the fat actually gets into the cells is still 
unsolved.! Kiihne considers that each globule of fat may be encased in 
an albuminous envelope which facilitates its adhesion to the epithelium 
cell. But, as in milk, the existence of such envelopes must still bea 
moot point. It is certainly nécessary that the fat should have a melting 
point below that of the body ; fats with higher melting points are not 
absorbed.? 

Some have supposed that the cells have a further action in recom- 
posing into fat those small quantities of fat which in the intestine 
have been broken up into fatty acids and glycerin? Occasionally in 
frogs very little fat is absorbed, and none passes into the columnar 
cells ; what is absorbed is taken up by the lymph-corpuscles between 
the epithelium cells. 

The lymphoid tissue of the mucous membrane.—The presence of 
vast numbers of ameboid cells, not only in the lymphoid nodules of 
Peyer's patches and the solitary glands, but also in the general corium 


1 Gruenhagen and Krohn (Bied. Centr. xviii. 617) found that fat-globules were taken 
up by the epithelium cells freshly detached by teazing from the frog’s intestine. The 
cells never took up, however, the finest solid particles placed in contact with them. 

7 Amschink, Zeit. Biol. xxvi. 534. 

3 Munk (Virchow's Archiv, xev. 409), however, believes that this synthesis oocurs in 
the lymph-corpuscles. 

ZZ 
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CHAPTER XXXVIII 
THE URINE 


THE KIDNEY 


Tue kidney is a compound tubular gland ; and the tubules of which it 
is composed differ much in the character of the epithelium that lines 
them in various parts of their course. The true secreting part of the 
kidney is the glandular epithelium which lines the convoluted portions 
of the tubules ; there is, in addition to this, what is usually termed a 
filtering apparatus ; tufts of capillary blood-vessels, called the Malpi- 
ghian glomeruli, are supplied by afferent vessels from the renal artery ; 
the efferent vessels that leave these have a smaller calibre, and thus 
there is a high pressure in the vessels of the glomeruli themselves ; 
certain constituents of the blood, especially water and salts, pass 
through the thin walls of these vessels into the surrounding Bowman’s 
capsule, which forms the commencement of each renal tubule. Bow- 
man’s capsule is lined by a flattened epithelium, which is reflected over 
the capillary tuft, and this epithelium prevents, to a great extent, the 
albuminous constituents of the blood from escaping. After ligature of 
the renal arteries, and subsequent restoration of the renal circulation, 
this epithelium becomes injured, and the urine is then found to be 
albuminous. During the passage of the water which leaves the blood 
at the glomerulus, throughout the rest of the renal tubule, it is in part 
reabsorbed, and in health it is also generally held that, if any albumin 
has filtered or diffused through, it also is absorbed, for normal urine 
is quite free from proteids. The urine, however, in its course through 
the tubules, not only loses, it also gains constituents, namely, various 
organic substances (urea, uric acid, &c.), and a certain proportion of 
salts and water, which are poured into it by the secreting cells of the 
convoluted tubules. 

Bowman was the first to point out the double source of the consti- 
tuents of the urine, and Ludwig, who first advanced the theory of 
reabsorption. Hiifner, from a comparative study of kidneys throughout 
the vertebrate kingdom, confirms Ludwig’s views by pointing out that 
the tubules are long or short according as it is necessary or not for the 
animal that the water should be reabsorbed ; and Ribhert' has been 

1 Virchow's Archiv, 1888, p. 1 
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those which diminish the pressure within the glomeruli, lead to a 
diminution of the amount of urine excreted. 

Diuretics, however, may cause an increase of urine in one or more 
of several ways. There are some like digitalis, or squill, which do so 
by raising the blood-pressure ; while others, like caffeine and potassium 
acetate, act on the secreting nerves, if such exist, or on the secreting 
cells of the kidney itself.' 

In the foregoing brief rérumé of the facts concerning the secretion 
of urine, the term eccretion would perhaps have been more correct. 
‘We shall find, when we come to consider the constituents of the urine, 
that they are not actually formed in the kidney itself (as, for instance, 
the bile is formed by the liver), but they are mostly formed elsewhere, 
and the kidney is merely the place where they are eliminated from the 
body. 


GENERAL CHARACTERS OF URINE 


Quantity.—A man of average weight and height excretes 1400 
to 1600 c.c. of urine daily. This is on an average about 50 ounces. 
This contains about 50 grammes (1} 0z.) of solids. A woman passes 
rather less. The quantity secreted inay vary within certain limits in 
health, being increased by ingestion of much water, cold, moisture of 
the atmosphere, and by certain emotions ; it is diminished by absten- 
tion from drinking, by copious sweating, diarrhea, or vomiting. 

‘The average secretion at different agex in children is given in the following 
table (Camerer) ?:— 


First day after birth... 6. ew. 
Third 4 yo Adm i -eiag 
Fifth oy St ids ean ge gens EB 
Seventh, 4 + . . «© = Sly 
Tenth a, wi ae ay oe a oo OE 
Atfivemonthy . .  . «+s 10004, 


Urine should be collected in a tall ylass vessel, capable of holding 
3000 c.c., which should have a smovth-edged neck, accurately covered 
by a ground glass plate to exclude dust and avoid evaporation. The 
vessel, moreover, should be graduated, so that the amount may be 
easily read off. From the total quantity thus collected in the twenty- 
four hours, samples may be drawn off for examination. 

Colour.—The colour of normal urine is that of a light sherry, but 
when concentrated, as in those who have perspired freely, it may be 
much darker, and when very watery, as after free potations, it may be 





1 Bee more fully Lauder Branton, Disorders of Digestion, p. 866. 
2 Zeit. Biol. xiv. 33. 
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much lighter in perfectly normal persons. In various abnormal con- 
ditions the colour varies considerably. The various urinary pigments 
in health and disease will be fully considered later. The following 
table gives in a concise way the chief variations in tint and their 
Causes :— 


Colour Cause of colouration Pathological comiition | 








| 
Nearly colourless | Dilution, or diminution of | Various nervous condi- 
normal pigments j t 





Dark yellow to brown | Increase of normal, or oc- | 
red currence of pathological ; 





pigments f 
i Regia 

pee cpeaaite v pueaani alaeasboearilare 

! ! tract | 

ie Seuatare Taian uu 





Red or reddish 





Unchanged hemoglobin | Hvmorrhages or bemo- 


i globinuria 
" Pigments in the food (log- ' | 
wood, niadda, bilberries, : 
f fuchsin) ' 
Brown to brown-black Hematin Small hemorrhages 
Methwmoglobin Methemoylobinuria 
Melanin Melanotic sarcoma 





| Hydrochinon and catechol | Carbolic aciel poisoning 





1 To distinguish thene add cauntic woila ; y 
aleohol; the colour due to xuntonin pases into the alcohol, which in contact with 
atmorpheric oxygen changes to yellow; the colour due to chrysophanic ecid does nob 
dissolve in amyl alcohol, or only in tracen (Hoppe-Seyler, Chem. Centralbl. 1886, 
p. 746). 
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Colour ‘ {Cause of colouration ‘Pathological condition 
Greenish yellow, | Bile-pigments Jaundice 
greenish brown, ap- 
proaching black 


Dirty green or blue | A dark blue scum on sur-| Cholera, typhus. Seen 
face with a blue deposit, especially when the urine | 

due to excess of indigo- is putrefying : 
forming substances 


Brown yellow to red | Substances introduced into 
brown, becoming blood- | the organiam with senna, 
red on adding alkalis | rhubarb, and chelidonium ! 





Vogel! bas drawn up a scale in which the colours are mapped out as pale 
yellow, bright yellow, yellow, reddish yellow, red, brown, and so on. . In my own 
experience, however, it is of little practical use. 

‘The decolourisation of normal urine may be effected by the precipitation of 
the pigment (urobilin) by lead acetate and subsequent filtration. Worm-Miller’s 
method has the advantage that it does not alter the composition of the urine, and 
consists in filling a filter or funnel with finely powdered animal charcoal made 
into a paste with the urine; the centre ix scooped out, and through this charcoal 
filter the rest of the urine is allowed to drop into a collecting vessel. 


Transparency or turbidity of urine.—Normal urine is either per- 
fectly transparent, or contains a faint flocculent cloud of mucus. Old 
and decomposed urines are always turbid ; this is the result of a deposit 
of certain salts and the growth of bacteria. Pathological turbid urines 
may contain chyle, blood, casts and renal epithelium, mucus, or pus. 
A turbid urine must always be allowed to settle before examination; 
both the sediment and the clear, supernatant fluid are then examined. 

Odour.—Normal urine has an aromatic odour, said to be due to 
«mall quantities of phenylic, taurylic, and damoluric acids. Decom- 
posing urine has an ammoniacal odour ; this is due to the conversion 
of part of the urea into ammonium carbonate (CON,H,+2H,O 
==(NH,),CO;) brought about by the foruia wree. This may occur after 
the urine is passed, or in cases of cystitis, in the bladder; in the cases 
where there is much decomposing blood or pus the smell may be 
putrid. In diabetes the urine often smells of acetone. Urine con- 
taining cystin smells at first like sweet briar, but afterwards becomes 
very offensive. Certain food and drugs taken internally give the urine 
their own or a characteristic udour. Instances of this are asparagus, 


+ Neubauer ‘und Vogel’s ‘Guide to the Analysis of Urine," New Sydenham Soc. 
Trans. 1868, 
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Specific gravity.—This should be taken in a sunple of the twenty- 
hours urine, either by means of a good urinometer (fig. 9, p. 15) 
more accurately by actual weighing, The specific gravity varies 
ly with the quantity of urine passed ; under normal conditions 
m 1015 to 1025; a specific gravity below 1010 should excite sus- 
pn of hydruria ; one over 1030 should excite suspicion of diabetes: 
litus, a disease in which it may rise to 1050. The specific gravity 
however, been known to sink as low as 1002 (after large potations, 
a potus), or to rise as high as 1035 or 1040 (after great sweating) 
in perfectly healthy persons. The concentration of the urine, and 
therefore its specific gravity, is raised in febrile conditions, and in the 
stage of acute Bright’s disease, Sugar being absent, the specific | 
“gravity varies as a rule with the percentage of uren, 

Constitwents of normal urine,—Hoppe-Seyler’s! classification of the 
_ constituents of normal urine is the basis of the following :— 

(1) Ures and related substances ; uric acid, allantoin, oxalic acid, 
Eesothins, guanine, creatinine, thio- (sulpho:) eyanis acid, 

(2) Fatty and other non-nitrogenous substances; fatty acids of | 
the series C,H,,0,; oxalic, lactic, glycero-phosphoric acids ; minute ! 
quantities of certain carbohydrates. | 
(3) Aromatic substances; the ethereal sulphates of phenol, | 
pyroeatechin, indoxy], and skatoxyl ; hippuric acid ; aromatic 


“pepsin, mucus, humous substances; cynurenie and urocanic acids | 
(in dogs). 
inci wm, chlorides of sodium and potassium, potassium 
sulphate, sodium, calcium, and magnesium phosphates, silicic acid, 
ammonia compounds, calcium carbonate, 

(6) Gases: nitrogen and carbonic acid. | 
Abnormal constituents of the wrine.—In certain pathological condi- 
tions, there may be, in addition to the above, serum-albumin and other 
_ proteids, hemoglobin, methemoglobin, bile-pigments, bile-acids, abnor- 
mal urinary pigments, leucine and tyrosine, oxymandel acid, grepe 


) ee ee ee een: er | 
\ Quantitative composition of Auman urine. =A large number of 

‘estimations have been made of the constituents of normal urine, T 
shall, however, merely quote the classical table from Parkes, and a 





© Physiol. Chem. p. 800. 
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recent analysis by Yvon and Berlioz of some of the more important 
substances present. 

Amounts of the urinary constituents passed in twenty-four hour 
(Parkes) :— 











Constituents By An average wisn Fer kiln. of tody-weight 
Water. . . . . 150000 grammes | 23-000 grammes 
|Totalsolids . . . 1200 1100, 
jUra . . . 3318, 0500, 
Uricacid . we 055 0008 
Hippuricacid .  . 040, 0-006 
Creatinine . om oo 
| Pigment and other organic 
substances. 10-00 ” O51 
Sulphuricacid . .s 201 0030, 
Phosphoric Acid. syh 316 0-048 
Chlorine. ome 7:00-8:00 o126 
jAmmonia . . . o7 - 
Potassium . . . 2500 | - 
jSodium 2 wet 11-09 » = 
Calcium. wwe 02 - 
Magnesium. =... oz, a 





Mean composition of normal human urine (Yvon and Berlioz): —' 


Male 
Volume perdiom . . —. (1360 c.c. 
Specific gravity... . (1022, 





Urea (per litre) . 
» (per diem) . 
Uric acid (per litre) 
» (per diem) . 
Phosphoric acid (per litre) 
” (per diem) 


215 grammes 





The examination of the urine for normal constituents.—Before 
dealing in detail with the various constituents we have already 
enumerated, a general idea of the reactions of the principal const 
tuents of the urine may be obtained from the following table :— 


Substance 


pias Test Reaction Remarks 








Chlorites., Acidulate the urine with A_ white precipitate of T neipal chlorite 
fn few drops of nitric aéid, silver chloride, iinoluble urine is sodium «lbos- 
und then add silver nitrate in nitric acid,’ soluble in 
1 solution ammonia sium chloride are i 

present. The nitric =! 
nthe test kt 





© Ite, med. viii. 713; Lancet, vol. ii. 1888, p. 629. 
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ri ‘Test Reaction 
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Salphates . . Acidulate with hylro-/A white precipitate of |The chief sulphate is 


‘ebloric seid, and add solu- | barium sulphate, Insoluble | potassii 
Arocha 


tion of barium chlorite fn nitric acid 
1 ' 


potash or ammonia, and! and Mg) phosphates ‘aro 
warm ‘precipitated ; soluble in 


H 
i 
1 
i 
We «| Make urine alkaline with | White flakerof earthy (Ca 
rely 
1 


Ackdniate with nitrieactdy| A yellow crystalline pre- 
‘aad nitro-molybdate | o plat 


te 
ammonia, and warm 


‘and act solution of am-| cium oxalate ix forme : 
montum oxalate filter thix off 


Fa «+ «| Actdalate witdiaceticactd, | A white precipitate of cal: 


VMaguestom. .! Treat the above ditrate| Ammonto-maguesiam 

é with ammonia an » few | phosphate xeparates out 
Arope af sodiuin phow 

phate i 








Sodium and | Evaporate the urine to| Sodium gives a yellow, 
potassium =| {nelnerate the | potassium a violet tam: 

dissolve the ash | potaadum given a yellow 

evaporite this | precipitate in neutral nol: 

showy ail text by the |Home with platinum hilo. 
flame renetion rile: sodium sloes not 











Ammonia . . Heat the uriue gently in) «The paper is turned blo 
| test-tabe, holding a piece | and regalna itt colour on) 


{of red Iigmmus paper over |" gently warming it 
the mouth of it | 
| 














Carbonse acl . Pinoe the rine inatightly | A white precipltateot eal- 
‘olosed flask connected with | efum or bartum carbonate, 

® second taal 

Mme or beryta water i 

| placed : the second tha ix 

+ exhausted by an air-pum 


"Warm the nrine gently 








the second flask 














1 Hold @ plece of molst bine | The paper is tumed red, 
Paper over the | andregainaitacolour when 
urine and warm | ‘ey. 








Uren . . « «| Bvaporate urine toa third: Crystala of urea nitrate 
of fts balk, and wid nitric i eparate ont, 
wl 





| 
Proceel as above with: Crystals of urea oxalate 


‘oxalic acid reparate out 
f 


» in whieh | respectively {+ formel in} 





sulphate, Hy- 
ie achd {4 added 








to prevent precipitation 


of phosphates and ¢ 








r 
‘Donates 


| Tu addition to the earthy 
hosphintes, phosphates of 
Zodttm nin potaastoen 
also occur, whieh vary in 
| composition with the re- 
|netion of the urine. 
‘leposttof phosphates nay 
often occur in alkaline 
|or mentral urine,or may 
come down on heating, 
{This is soluble in acetic 
]ucid, and is ths distin 
‘euished from albumin 








| This is solnble in acetic 


cll 


Amamonia is ouly present 
in appreciable quantities 


in stale urine 


Ifthe arine {s albaminoas 
Tender acl with acetic 
aold, boll and filter. 


a 


the teste to the 
filtrate 





Add alkaline solution of Au evolution f bubbles of 
‘sodlam hypobromite | |“ introgen takes place 








Urntes in urin- 
ary sediments 


Crates inset 
pout's of bi 
urine 





's 
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Text, Reaction Remerts 











Add three parts of 
iSquoona saidtion of 


of comtatniad ghee | doaliy is 8 taowk 


Pluce tho urine in a watch- | The crystals collect slong 
glans, acllify with avetio | tho thread. Examine mi- 
fecid, nd place a ootian or | eoscoploaliy, “or apply 
nen thread in it; leave murexide test 


Atureride tt, he erpe| Ammonia ornate yore 
tals are evaporated to dry- | deposit purp! ing 
Saorwrkh nits nei ai | tote orcation of mae 
totichell when cold ‘with | exide which contains fur- 





soilinm carbonate: drop 
this on to a filter-paper 4 
Tmoistencd with silver 


These dissolve on warming * They are coloaret pi 


[re separation of uric acht froma this efected by | Thieurinewhitepoe 





chlorio weld, and warm sinous mass 





Auld 5c, of hydrochloric | Uric acid tes out in | The crystals are colored 
acld to 100 c.o. of urine 


crystals, which fall to the | dark red by urinary RS 
bottom and stick to the | ment, The erpaals mw 
four hours tiles of the vensel. Ex-| be collectel, » 
sine these, mlcroecopl:| soda, anv sain rcs 


i cally, tated by | bpm 





for twenty-four hours 





ammonia or potash furate of ammonia 
[C.H(NH)N,O,). On 

aiding potash ‘after the 
ammonia the apot becomes ; 
purplish blue. If potash | 
or soda alone ts used, in. | 
steal of ammonia, « rfolet | 
i 

i 





colour appears, which dis 
‘appears on heating 


‘his test.—Diswolve the | A black spot of reduced 
ystalx involution allver appears 








nitrate H 





A solution of urle acid or | Produces a reddish preel- | Hence urates mar, 3! 
irate warmed with copper | pitate of euprons oxide { in excess in urine, he m= 
sulphate and — cuustic ! taken for sugar 


potash, 








the nrine urinary pigment, f 
j the sealed 

deposit. The urate 

[curring in sextiments 2 

act urate of ula, of 

Potash, and ammonia 











ly powering and dissolving in warm swia: filter: ! when dry, creamy wa 
‘the aitmate noid with hydrochloric Av fresh it Gmsiste chet 
‘White ery-tlline deposit of urle acid separates out” | af ainmoninm tnt 








vatinine . . 
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Teat 


250 c.c.of fresh urine are 
evaporated down t0.26 ¢.c., 
and powdered gypsum 
aidet until it, forms a 
thick parte : this ta ackdl- 
fied with acetic acid and 
extracted with pureether ; 
distil the ether off from 
ethereal extract : <lissolve 
redidue in hot water, and 
filter 

Evaporate the urine with 
nitric acid, and heat the 
residue in a sry test-tabe 


Urine {x evaporate to a 
quarter of ita bulk, and 
after cooling poured off 


from residue, if any ; this | pen: 


is precipitarel by acetate 
‘of eal ; excese of lead re- 
movel by HS; filter off 
leail sulphide; nearly neu- 
tralise trate with, soda, 
anda 








Take 250 c.c.of urine; add 
milk of Hime and caleiam 
chloride in excene to. pre- 
cipitate phosphates; filter, 
and evaporate ty «mall 
Inilk ; to this wid 30 ec, 
absolute alcobol, aud let 
mistore stand six hours, 
5 of 
solution uf zine 
‘chloride 





[concentrated mer- | 





Reaction 


On cooling, hippuric ach 

Tbe crysaiaay 
filtrate, Ismay 
be parified from benzolo 
acid by petroleum ether, 
which dissolves H. acid, 
leaving B. acid insoluble. 
Distil off petroleum ether 
from extract, and dissolve 
residue in water as before 


A smell of oll of bitter 
almonds is given off 


Appetit oan 
supe ae 
peer anne 





of H,8 ts passed through 
ft; and the Jeed sulphide 
filtered off. The filtrate ix 
docolouriscd with animal 
charcoal, and evaporated 
tos omall balk. ‘The re 
| maining massof creatinine 
_ hydrochloride is erystal- 

sed out twice from strong 
{aloohol, and the HC re 
| moved” by bolting with 

Teail oxyhydrate 


he a 
ce (rosettes) of zine 


chloridecreatinine form 
in the course of a slay or ¥0 














i 





There is very little bip- 
pario acid in human 
urine. It ts abundant in 
‘the urine of horses and 
‘other herbivora 


Beuzolo acid also gives 
this reaction 
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CHAPTER XXXIX 
UREA, URIC ACID, AND ALLIED SUBSTANCES 


‘Tue end-products of nitrogenous metabolism are those substances by 
means of which nitrogen is excreted from the body. We have alread, 
in connection with respiration, considered the chief end-product of carbau 
metabolism, namely, carbonic acid. The chief end-product of hydrogen 
metabolism is water, and this is got rid of by several channels—expind 
air, sweat, and urine. Nitrogen differs from carbon and hydrogen in 
not being burnt off as a simple oxide. Both the intake and the outpat 
of nitrogen, as well as the stages intermediate between these two ends 
of the series of changes, form a most complicated process. Nitrogen 
in a simple condition exists around us in the atmosphere ; yet we make 
no use of this abundant supply, but obtain it from the complex ab 
stances we call proteids ; and when we are getting rid of it, it is di- 
charged as urea, uric acid, &c., which, though simple in comparison with 
proteids, are complex when compared with carbonic acid and water. 

In mammals, urea is the most important of these end-products: it 
is the chief constituent of the urine. The same is true for fishes and 
amphibia. In birds and reptiles, and in many invertebrates, uric acd 
is the chief end-product of nitrogenous metabolism. 

In human urine, Camerer' found that, out of every 100 gramme 
of nitrogen in it, 90 are on the average derived from urea, and the 
remaining 10 from other nitrogenous constituents (uric acid, &c} 
which are often termed extractives. Pfliiger and Bohland give 4 
rather higher number ; they state that on the average 13-4 per cent 
of the nitrogen in urine is not combined as urea.? Bohland’s method 
consists in first estimating the total nitrogen ; the ‘extractives’ art 
then precipitated by hydrochloric and phosphotungstic acids; th 
nitrogen is estimated in this precipitate (extractive nitrogen) ap! 
also in the filtrate (urea-nitrogen). In addition, the amount of fre 
ammonia is estimated ; the nitrogen in this, however, only amounts tt 
0-065 per cent. of the whole. 

1 Zeit. Biol. xxiv. 306; xxvi. 84. 

2 Inu more recent paper Bohland (Pfliger's Archiv, xlii, 80) gives a higher naht 
still, 15°5, 
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Urea, or carbumide CO(NH,),, is isomeric with ammonium cyanate 
(NH,)CNO, from which it was first prepared synthetically by 
‘Wohler (1828). It may also be prepared by the action of ammonia on 
carbonyl chloride, by the hydration of cyanamide, from ammonium 
carbonate, and by several other methods. 

Preparation from wrine.—-Uren was first prepared in an impure 
condition from urine by Rouelle, then by Fourcroy and Vauquelin.' 
The following methods are those now generally adopted :— 

(1) Evaporate the urine to a small bulk, Add strong, pure nitric acid in 
excess, keeping the mixture cool during the addition of the acid. Pour off the 
excess of fluid from the crystals of urea nitrate which are formed ; strain through 
muslin, aud press between filter paper. Add to the dry product barium carbonate 
im large excess, and mix thoroughly with sufficient methylated spirit to form a 
paste. Dry on a water-bath, and extract with alcohol ; filter; evaporate the 
filtrate on the water-bath, and set aside to crystallise. The product may be 
decolourised by animal charcoal and purified by recrystallisation. 

(2) The following method is well adapted for the preparation of microscopic 
specimens of urea and urea nitrate: Take 20 c.c. of urine; add ‘ baryta mixture’ 
(two volumes of barium hydrate solution and one volume of barium nitrate solu- 
tion, both saturated in the cold) until no further precipitate is produced; filter: 
evaporate the filtrate to a thick syrup on the water-bath, and extract with 
alcohol; pour off and filter the alcoholic extract ; evaporate it to dryness on the 
water-bath, and take up the residue with water. Place a drop of the aqueous 
solution on a slide, and allow it to crystallise; crystals of urea separate out, 
Plare another drop on another slide, and add a drop of nitric acid; crystals of 


urea nitrate separate out. 
Properties of urea.—It is readily soluble in aleohol and in water, 
but not in ether. Its taste is saltish ; 
it is odourless, and neutral to litmus 
paper. It crystallises in silky four- 
sided prisms with oblique ends, or in 
delicate white needles, when rapidly 
erystallised (fig. 91). When treated 
with nitric acid, nitrate of urea 
(CON,H,.HNO,) is formed ; this 
crystallises in octahedra, lozenge- 
shaped tablets, or hexagons (fig. 92a). 
When treated with oxalic acid, 
fiat or prismatic crystals of oxalate 
of urea (CON gH,.H,C,0,-+ H,O)are 72, ,Cortalot Urea, forse rans 
formed (fig. 924). These crystals may frm from alcohel solutions. 
be readily obtained in an impure form by adding the respective acids 


1 Ann de chim. xxxii. 66. 
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to urine which has been concentrated to a third or a quarter of its 
bulk. 

Other compounds of urea with acids have been also described ; thus phosphate 
of urea (CON,H,.H,PO,) was said by Lehmann! to occur in small quantities 
in urine; a compound of urea with uronitrotoluolic acid, with the formas 
» Wax found by Jaffe? in dog's urine after the administration of 
orthonitrotoluol ; the greater part of the urea in urine is, however, free, 

Urea also forms compounds with salts; the most important of these is with 
mercuric nitrate; with this substance it forms a white precipitate, with the 











; 3Hg0. This compound is important, as Licbig’stal> 
anetric process for the estimation of urea depends on its formation (sec p. $10). 










Drechsel? has described a compound of urea with palladium  chlorie 
(Pac, 

There ix crystalline compound of urea with sodium chlo 
(CON,H,.NaCl+ 11,0). which may evaporating to drynes 3 





solution of these two substances, such as occurs, for instance, in onlinary cre 
Urea may be decom) din various w: re 
(1) When heated to 
substance which remains is termed biuret ¢ 













O.N,H,). Bier: 
. (binret] 
with caustie potash and copper sulphate gives a characte Tose-red solution 
When binret is heated it gives off ammonia, and cy acid is Iet 
NH, =2C,H,N,0,). Cyanuric acid gives a violet. solution wit 
nitty idly 
potash and copper sulphate. 
“means of an organised ferment, the torula or micrococeus ures, whi 
in stale urine, urea takes up water, and is converted into ammonite 




















(3) By cid, urea is broken up into carbonic 
nitrogen, CO. 
ada fuming nitric 
bubbles takes pls 


cid, water, 3 
This muy be nsed as a test forar: 
urea; an abundant evolution of 








acid to a solution of 








1 Chem, Contrathl, Vsti. p11 2 Zeit. physiol. Chemin 3 
3 Journ. prakt, Chem. XP. + Paggendorg’s Annaien Wo 
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(4) Chlorine water causes a somewhat similar decomposition (CON.H, 
+H,0 + 3Cl,= CO, +N,+6HCI). 

(5) Hypochlorite or hypobromite of soda decomposes urea in the following 
way : (CON.H, + 3NaBrO =CO,+N,+2H,0+3NaBr). This reaction is important, 
as upon it depends one of the best methods of estimating the quantity of urea in 
urine (see p. 811). 

Quantity of urea in urine.—The quantity of urea in urine varies a 
. good deal, the chief cause of variation being the amount of proteid 
food ingested. In a man who is in a state of equilibrium, and on an 
ordinary inixed diet, the quantity of urea secreted daily is between 25 
and 40 grammes, the average being 33 grammes (500 grains). On u 
diet poor in proteids it may sink to 15 to 20 grammes, and ina diet rich 
in proteids it may rise to 100 grammes per diem. We have seen that 
the concentration of the urine varies considerably in health, and thus 
the percentage amount of urea varies also. It may be roughly said 
that the quantity of urea in normal human urine is 2 per cent.; in 
dogs it may be 10 per cent. 

Women secrete rather less than men ; children absolutely less than adults, but 


in proportion to their weight more. Uble gives the following table, which repre- 
sents the amount of urca secreted in twenty-four hours per kilo. of body-weight at 


ages— 
From 6 years... —stbout 1 gramme 
» My wid 0 Oe eb TT Oe ale 
» WIG, a Abe n 0406, 
Alls ke 037-06, 


The excretion of urea is usually at its maximum three hours after a 
meal, especially after a meal rich in proteids. The quantity of urea 
does not, however, necessarily depend on increased production of 
urea; a long-continued increase in urea indicates increased tissue- 
metabolism, but a temporary increase may be merely produced by an 
increase of the urinary secretion, by which the urea collected in the 
Body is quickly passed off. In the same way diminished excretion of 
ures may be due either to diminished metabolism, or to retention of urea 
in the body, as in uremia, These considerations are especially useful 
in determining the influence of food on urea excretion. In the first 
place the urea does not come direct from the food ; the food must be 
first assimilated and become part of the body before it can break down 
to form urea.' The urea is increased by food, tirst because food stimu- 
lates the tissues to activity, and so metabolism is increased ; and, 

_ secondly, stimulates the kidneys to activity, and so waste accumulated 
- products are got rid of. 


1 An exception to this rule is probably to be found in the case of the amido-ucids, 
_ especially leucine. (See further under Metabolinm, p. 845.) 
Ba2 
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Camerer' carried out experiments on four persons, each of whom partook of oely 
one meat meal in the twenty-four hours, and whose urine was collected at intervals 
of three hours; these samples were analysed separately, the urea-nitrogen and 
the extractive nitrogen (i.e. total nitrogen minwe urea-nitrogen) being estimatel 
The incre:se in both kinds of nitrogen commenced almost immediately after the 
meal, the urea-nitrogen reaching its maximuni in from seven to ten hours, while 
that derived from the extractives was greatest in the first four hours after the meal. 
‘The quantity of urine was smallest during the first four hours, and gress 
seven to ten hours after the meal ; the least concentrated urine was that accor- 
panied by the secretion of the greatest total amount of urea. 


‘A large number of observations on the influence of other varying 
conditions on the amount of urea excreted, have been recorded. axl 
may be tabulated as follows :- 





Cirenmstances prodneing 


An increase of urea, A decrease of urew 





Administration of — Administration of — 
Dilute sulphuric acid (Kurtz), potas: Small doses of quinine (Oppenkeim 
sium chloride (Dehn*),  ammoni 
xilts, especially with food.‘ small doses 
of phosphorus, arsenic, antimony, mor- 
phi (Giithgens*), large doses 
of quinine (Oppenheim *). 
Poisoning by- 
Phosphorus (Storcb,? Bauer), : 
(Kosel*). 
Application of cold to the skin(V 
Hot baths (Schleich "), 
Increase of oxygen inspired (Friin- 


ke 


















Tsenio 





rt), 





1 work (see pp. 436). 





Diseases 


At the commencement of acute febrile During the sinking of the fever 











diseases, up to the acme of the fever. 

During the paroxysms of intermittent 

fever (ague), In most chronic and debilitetixe 
diseases (anwmia, syphilis, phtkiss 
dropsical affections, ke.) 








Towards the fatal terminate: 
most diseases (5 to 6 grms. dail) 
In uremia ; thesecretion may entiv: 
cease, 
In diabetes. Ind 
In 
liver 











etic coma. 
I degenerative changes uf tle 
especially Inacnte yellow atropet 














The formation of urea.—The formation of urea occurs through te 


' Zeit. Biol, xxiv. 808, 2 Kurtz, Disa. Dorpat, 1874. 

4 Hullervorden, Arch. ex. Path.u. Pharm. x.124; Feder and Vi 

5 Quoted by MacMinan. Min, Chom. of Urine, p. 86. © Pfliiger's Archiv, xxii. 6 

1 Dew ‘e. Copenhagen, 1875; Arch. f. klin. Med. 1467, 

U wer, Pathol. v. 138, 10 Zeit. Bivd. sv. 
* Aveh. f. pathol. Anat. Ixvii. 1; bei 1 
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= Whole of healthy extra-uterine life. It is also formed in the fwtus, 
‘eat there its place is, to a large extent, taken by another substance 
+ ealled allantoin. 
The important questions in relation to the formation of urea are, 
* first, where is it formed? and secondly, from what is it formed ? 
e Where is urea formed? The older authors considered that it was 
formed in the kidneys, just as they also erronevusly considered that 
carbonic acid was formed in the lungs. Prévost and Dumas! were 
the first to show that after complete extirpation of the kidneys, the 
formation of urea goes on, and it accumulates in the blood and 
tissues. Similarly in those cases of disease, in which the kidneys cease 
work, urea still continues to be formed and accumulates in the body. 
If, then, the kidneys are not specially the seat of formation of urea, 
where is this special seat, or is there any special seat? If we look 
; tothe most abundant tissue of the body. the muscles—we find urea 
absent, or nearly so ; there can, however, be no doubt that some inter- 
mediate steps in the process takes place in the muscles.? In the muscles 
we find the place of urea taken by creatine ; some of this is undoubtedly 
excreted as creatinine. Whether some is further changed into urea is 
‘a matter of doubt, and has already been discussed in connection with 
muscle (pp. 419, 439). 

The liver is now generally supposed to be the chief place where urea 
is formed ; this view was originally put forward by Meissner ;3 but, 
although contradicted by Gechleidlen,‘ Munk,* and Pekelharing,* it is 
supported by the more recent experiments of Brouardel,’ Roster," 
Bchreeder,? and Minkowski.? It is, however, very probable that other 
cellular organs like the spleen, lymphatic and secreting glands par- 
ticipate in the formation of urea. The urea passes into the blood, is 
carried to the kidneys, and is there excreted. 

The facts of pathology point very strongly in support of the theory 
that urea is formed in the liver. Diabetes is sometimes a disease of 
the liver in which the metabolism of its cells is much increased, 
Jeading to an abundant formation of sugar which passes into the blood 
and urine ; and in these cases the urea is also increased. 


4 Ann. de chim. ot do phys. xxiii. 90. Thin observation hax been since confirmed by 
many observers, ey. Tiedemann and Mitucherlich, Poygendorf's Annalen, xxxi. 908; 
Marchand, Journ. prakt. Chem. xxi. 200. 

? Selachian fishes form an exception to thix rule. The kidneys appear to be sluggich 

-itied ures accumulates in the blood to an enormous extent (26 per cent.) ; the musclen 
@entain 1-9 and the liver 1°8 per cent. of urea (Zeit. physiol. Chem. xiv. 878). 
+" 8 Seit. rat. Med. N.F. xxxi. 284. 

§ Btudien @. d. Ursprung des Harnatoffs, Leipzig, 1471. . 

® Plager’s Archiv, ii. 100. © Ibid. p. 008. 

* Arch. de physiol. norm. et pathol. (2), iii. 878, 

‘Malian paper quoted by Hoppe-Seyler, Physi 











m. p. WOT. See pp. 727, 735s 
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obtained, but the intermediate step in the process is not the formation of alloxan, 
but of another somewhat similar substance called allantoin; this proces is 
interesting, as allantoin ix in foetal life one of the products of nitrogenous meta- 
bolism, and it is thus possible that some sort of change, such as can be proliced 
artificially, occurs in embryonic life. 

Uric acid when oxidised with potassium permanganate (care being take 
that the temperature docs not rise) takes up water and oxygen, forming allantoin 
and carbonic acid : 

2C,HN,0, + 2H,0 +0, =2C,H,N,0, + 2CO,. 
{aie welt] [ellantoiny 
‘The allantoin crystallises out in about twenty-four hours. By subjecting alln- 
toin to the action of baryta-water, hydrolysis an oxidation again take pam, 
and urea and oxalic acid are formed : 





2C,H,N,O, + 4H,0 + 0, = 4CON,H, + 2C.H.0,. 
{allantoth] urea] *' Toxalie acti] 





(5) The following decompositior 

chief characteristic test for uric acid, 
By oxidation with nitric acid, alloxan and urea are formed : 
20,H,N\0, +2H,0 + 0,=2C,H,N,0, + 2CON,H,. 


By heating or by electro! , alloxan splits into alloxantin, parabanic acid, and 
carbor 


are interesting, as the murexide test isthe 











3C\H.N,0,=C,HN,0, + GLY, 
inloxin "calla Ceara 
nei 





+ CO, 








and on treating alloxantin with ammonia the purple colonr due tu murexide 
purpurate of ammonia appears : 






(allosanting 


Compounds of wrie avid. Uric acid is dibasic, and thus there se 
two classes of urates, the normal urates and the acid urates. A norma! 
urate is one in which two atoms of the hydrogen are replaced hy we 
atoms of  monad metal like sodium (CsH,NagN,O4) : an acid unite 
is one in which only one atom of hydrogen is thus replaced : the aid 
urate of sodium has, therefore, the formula CsH;NaN ,O3. 

The urates of the alkalis are those which are obtainable from the 
urine. The most abundant urate obtained from human urine is the 
normal sodium urate ; small quantities of those of potassium and c! 
cium also occur. The acid ammonium urate is the chief constitue: 
separable from the excrement of birds and reptiles (tig. 95). 

The urates. like uric acid, are insoluble substances, and hene #f 
excess occurs in the urine, they will he precipitated when the uritr 
cools, :tfter it is passed. This will especially occur if what ix called tr 
acid fermentation takes place, the acid urate of sodium being mac 
more insoluble than the normal salt. The reaction that occurs may be 
thus represented : 
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2C,H,Na,N ,O, + H,O + CO,=2C,H,NaN ,0, + Na,CO). 
(normal wodivm [sci eotinm urate)” [rodinm 
urate] carbonate] 

The acid sodium urate (fig. 94) is, indeed, the chief component of 
the pinkish deposit of urates (often called lithates) that occurs in con- 
centrated, cold, acid urine. This deposit, sometimes called the /ateri- 
tious deposit, from its resemblance to brick-dust, is generally amorphous, 
or only partly crystalline. The pink colour is derived from the urinary 
pigment, and is called uroerythrin. This deposit can be readily distin- 
guished from other urinary sediments by the fact ‘that it dissolves 
upon warming the urine to the temperature of the body. A certain 
amount of calcium oxalate crystals (octahedra) will often be found 
mixed with the urates. The close relationship of uric and oxalic acids 
is apparent from the formule on pp. 729, 730. 





Fis. 95, Acid Ammonium Unite. 


The following table! gives concisely certain facts relating to the 
urates : — 


! Urntes Forunle SMHS IH epttn ne 

J Acid ammonium urate. C,H,N,O,(NH,) Lin 1600 Amorphous or spiked 

\ globular maxses 

' Normal sodinn =... GH,NO,Na, 14, 77 Nodular masses 
Acid sodium = | C\H|NO,Na 1, 1200 Amorphous: rarely 

I! erystalline 

i Normal potassium, . _-C,H,N,0,.K, 1 44 Amorphous: or in 


fine needles 


Acid ¥ ” 
Normal calcium —,. 


1500 Fine granules | 
| Acid . 


600 Amorphous ; or in 
fine needles 
we CHAN O,Li 1, 60 Ditto 





* Acid lithium 


The greater solubility of potassium and lithium urates bas led to the adminis- 
tration of potash and lithia in cases where uric acid or urates are in excess in the 
urine, and it is desired to dimolve them up, The calcium urates occur in mere 
traces in urine, but have been found in gouty deposits, in addition to sodium 
uraten (are p. 510). 








1 Ralfe'n Diseases of the Kidneyn, 1885, p. 81. 
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Sir W. Roberts ! has recently investigated the urates of the urine, 
and the following is a rérumé of his paper : 

«The presence of uric acid in human urine is somewhat anomalous 
Asa vehicle for the elimination of nitrogen, it is not needed. Its place 
is taken by urea, which, by its easy solubility, is better adapted to the 
liquid urine of mammals. Perhaps uric acid is a vestigial remnant in 
mammalian descent. But, although physiologically insignificant, ue 
acid is pathologically the most prominent component of the urine, thit 
being chiefly due to its tendency to form concretions. 

“All acid urines tend inevitably to deposit their uric acid sooner or 
later. The time of onset of precipitation varies from a few hours 
five or six days, or even longer. The inference from this is that patho 
logical gravel is due to an exaggeration of conditions which exist ins 
less pronounced degree in health. To get at an explanation of this spo- 
taneous precipitation it is necessary to examine the states of combim- 
tion of uric acid in urine. 

‘Uric acid (C;H,N,O;=H,U) isa bibasic acid,and forms two regular 
orders of salts, namely, neutral or normal urates (M,U) and acid uraa 
or biuratex (MHU).? But in addition to these it forms a series of 
hyperacid combinations, first discovered by Bence Jones, and termel 
by him quadrurates(MHU.H,U). The neutral urates are never found 
in the animal body, and are only known as laboratory products. The 
Liurates are only encountered pathologically as gouty concretions. The 
aquadrurates, on the other hand, are especially the physiological salts 
of uric acid. They constitute the exclusive combination in which urit 
acid exists in solution in normal urine, and they hecome visible some 
times as the amorphous urate sediment. The urinary excretion 
birds and serpents is composed exclusively of quadrurates. The quad 
rurates can, moreover, be formed artificially under conditions whic 
prevail in the animal body. The special and characteristic reaction of 
the quadrurates is that they are immediately decomposed by water inte 
free uric acid and biurates. 





‘They exist in acid urine in the presence of water and of supe 
phosphates. These conditions necessarily involve the ultimate liber 
tion and precipitation of urie acid. The first step is the breaking op 
of the quadrurate by the water of the urine into free urie acid and 
hiurate according to the following equation :— 
(MHU.H.U)+H,0=(H,U)+(MHU). 


[epatew Etro rie weciel) Chinente] 











‘This explains the liberation of half the uric acid, But the biurwe 
1 Prov, Med. Chir, See Vsti, pp 85. 


= In these formube, ¢ MLM represents a monad metal, and the symbol Ur 
radicle CyHyN,O5. 
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thus formed is forthwith changed in the presence of superphosphates 
into quadrurate. Thus : -- 
2(MHU)+(MH,PO,)=(MHU.H,U) +(M,HPO,). 


[bittrate] (superphosphate) (quulrurate) [almetallfe phosphate} 
By these alternating reactions all the uric acid is at length set free. 

‘Seeing that uric acid exists in acid urine (that is, for some sixteen 
hours out of the twenty-four) amid conditions which, if the quadrurates 
stood alone and uncontrolled, would lead to its immediate precipitation, 
and yet that in the normal course no such early precipitation occurs, 
it is obvious that the urine must contain certain ingredients which in- 
hibit or greatly retard its water from breaking up the quadrurates. 
These inhibitory ingredients consist chiefly of (1) the mineral salts, 
(2) the pigments of the urine. 

‘The conditions of the urine which tend to accelerate the precipi- 
tation of uric acid, as in the formation of concretions and deposits, are 
(1) high acidity, (2) poverty in mineral salts, (3) low pigmentation, 
(4) high percentage of uric acid. The converse conditions tend to 
retard precipitation. On the interaction of these factors the occur- 
rence or non-occurrence of uric acid gravel appears to depend, and 
probably the most important of these factors is the grade of acidity.’ 

Quantity of uric acid in the urine.—The quantity excreted by an 
adult man varies from seven to ten grains (05 to 0-75 gramme) ; 
during hunger it sinks to four grains! Parkes gives the average per- 
centage of uric acid in human urine as 0-03 to 0:05, and the proportion 
of urea to uric acid as 45: 1 





Haig? states that the excretion of uric acid ix much affected by food, being 
greatest during the ‘alkaline tide’ that follows a meal. He regards this as chiefly 
@ washing out of the uric acid accumulated in the liver and spleen in the period 
between meals (acid tide); but there can be little doubt that, as the activity 
of these organs is increased after food, increased metabolixm in general and 
increased production of uric acid in particular also take place. 

Certain morbid conditions increase, certain others diminish, the excretion of 
uric acid ; the appearance of a sediment of urates, however, does not necessarily 
mean an increased formation of unites; it may be due to increased concentration 
of the urine. A deposit of uratex occur when the urine is concentrated, as after 
violent exercise, and consequent profuxe sweating; it also occurs in the concen- 
trated urine of fever; after indigestion, inflammation of joints, in certain heart 
and lung affections, in cirrhosis of the liver, and occasionally in catarth of the 
bladder where the acid fermentation is taking place. Free uric acid in crystals 
occare in the urine of personk with a uric acid diathesis; a condition allied to 

















1 Evtimations of uric acid wecreted in health have been made by Becquerel (Gmelin's 
Handb, viii, 827), H. Ranke (Ausscheidung der Harnaiure beim Menachen, Miinchen, 
1858), Neubauer (T'ezt-book, p. 841), J. Ranke (Grundsige der Phyriol. Leipzig), Beneke 
(Pathol. des Stoffwechsels, Berlin, 1874), and many others. 

¥ Journ. of Physiol. vii. 211. 
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obtained, but the intermediate step in the process is not the formation of allomn, 
Dut of another somewhat similar substance called allantoin ; thix proces is 
interesting, as allantoin is in foetal life one of the products of nitrogenous mets- 
dolism, and it is thus possible that some sort of change, such as can be prodoced 
artificially, occurs in embryonic life. 

Uric acid when oxidised with potassium permanganate (care being taba 
that the temperature does not rise) takes up water and oxygen, forming allanteia 
and carbonic acid: 

2C,H,N,0, + 2H,0 + 0,=2C,H,N,0, +2CO,. 
[Lurie weil] [allantoin} 


The allantoin crystallises out in about twenty-four hours. By subjecting alla 
toin to the action of baryta-water, hydrolysis and oxidation again take place 
and urea and oxalic acid are formed : 


2C HNO, + 41,0 + 0,= 4CONH, + 20,0, 
{allantoin)” jurea}* '“Toxulte acta? 


(6) The following decompositions are interesting, as the murexide test is the 
chief characteristic test for uric acid. 


By oxidation with nitric acid, alloxan and urea are formed : 
2C,H,N,0, + 2H,0 + 0,=20,H,N,0, + 2CON,H,. 


By heating or by electrolysis, alloxan splits into alloxantin, parabanic acid, and 
carbonic acid: 








3CHN,0,=C.H,N,0, + CHN,O, + CO, ; 
[alloxa.), {alloxantin) i ‘ile 





and on treating alloxantin with ammonia the purple colour due te murex#e © 
purpurate of ammonia appears: 
CEN 0, 


[atloxa 


+2NH, =C,H,N,O, + H,0. 
Tmnrerisfe)” 





Compounds of urie avid. —Urie acid is dibasic, and thus there ae 
two classes of urates, the normal urates and the acid urates. A normal 
urate is one in which two atoms of the hydrogen are replaced hy te 
atoms of a monad metal like sodium (CsH,NagN,O,) : an acid unte 
is one in which only one atom of hydrogen is thus replaced : the acid 
urate of sodium has, therefore, the formula C,H,NaN ,O3. 

The urates of the alkalis are those which are obtainable from the 
urine. The most abundant urate obtained from human urine is the 
normal sodium urate ; small quantities of those of potassium and ai 
cium also occur. The acid ammonium urate is the chief cons 
separable from the excrement of birds and reptiles (fig. 95). 

The urates, like uric acid, are insoluble substances, and henee if 
excess occurs in the urine, they will be precipitated when the urine 
cools, after it is passed. ‘This will expecially occur if what is called thr 
acid fermentation takes place. the acid urate of sodiuin being much 
more insoluble than the normal salt. The reaction that occurs may be 
thus represented : 
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peter (ott Ot OTe! cle 
urate) carbonate} 

The acid sodium urate (fig. 94) is, indeed, the chief component of 
the pinkish deposit of urates (often called lithates) that occurs in cun- 
centrated, cold, acid urine. This deposit, sometimes called the /uteri- 
tious deposit, from its resemblance to brick-dust, is generally amorphous, 
or only partly crystalline. The pink colour is derived from the urinary 
pigment, and is called urverythrin. This deposit can be readily distin- 
guished from other urinary sediments by the fact that it dissolves 
upon warming the urine to the temperature of the body. A certain 
amount of calcium oxalate crystals (octahedra) will often be found 
mixed with the urates. The close relationship of uric and oxalic acids 
is apparent from the formule on pp. 729, 730. 








The following table! gives concisely ¢ 
urates : -- 


rtain facts relating to the 


Sealnh 





Tate: Forte Dette ae 

™ 1 
Acid ammonium urate. C,H,N,O,(NH,) Lin 1600 Amorphousor spiked 
: globular masxe~ 
‘Normal xodinm Ly 77 | Nodular masses 






Acid sodium 14,1200) Amorphous: 
crystalline 
14 44 Amorphous: or in 


fine needles 


‘Normal potassium ,. 









Acid ” 1,, 800 - 
| Borat estan an 8 xi 1.1500 Fine granules! 
Ac peer ee (CHINO Cn 12) 600) Amorphons: or in 
fine needles 
Acid lithium 4, . C\HAN,O,Li 1. 60 Ditto 
The greater solubility of potassium and lithium nrates has led to the 





tration of potash and lithia in cases where urie ac 
arine, and it is desired to dissolve them up. The calcium urates occur in-mere 
traces in urine, but have been fonnd in gonty deposits, in avllitien to sodium 
urates (ace p. 510). 








1 Ralfe'n Dineanen of the Kidneny. W045, p81 
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In herbivora these compounds are more abundant in the urine than 
in flesh feeders like dogs, or those who live on a mixed diet like 
man. They are, however, found in small quantities in the urine of all 
animals. 

They appear to have one or both of two origins : first, from the 
aromatic substances in the food ; hence their greater abundance in the 
urine of herbivora ; secondly, they arise in the intestine as a result of 
putrefaction. They are absorbed from the intestine, pass into the 
blood-stream, and are eliminated in combination with potassium as 
ethereal sulphates in the urine. The synthesis probably occurs in the 
liver (Baumann). 

In animals like dogs and men, whose food contains little or nothing 
of an aromatic nature, the origin of the ethereal sulphates appears to be 
wholly under the second of these headings. If putrefaction be entirely 
stopped in the alimentary canal, these bodies completely disappear 
from the urine. Putrefaction can be put a stop to in the intestine of 
dogs by inanition plus the administration of large doses of calomel 
(Baumann, Morax') or iodoform (Morax). In men, however, it is not 
possible to give doses of these drugs sufficiently large for the purpose. 
Baumann, however, was fortunate enough to make observations on a 
patient who had a fistula in the upper part of the intestine, and whose 
intestine below this was functionless ; putrefactive processes did not 
occur, and these salts were absent from the urine. 

A large number of analyses have been made as to the relation of 
the ethereal sulphates to the total sulphates of the urine in man, and 
in round numbers the normal proportion may be stated as 1:10. The 
method employed in this analysis will he described in the chapter on 
Quantitative Analysis of Urine. 








In morbid urines the sume subject has been inl 
analysts, among whom may be particularly mentioned 
Germany, and J.'8. Haldane? in this country. It is found that in those diseases 
in which putrefaction in the intestines, or elsewhere in the borly, is increase, 
the proportion of ethereal sulphates rises. G. Hoppe-Seyler's results may be 
summarised as follows 

(1) Deficient absorption of the normal products of digestion, such as occurs 
in peritanitis and tubercular discase of the intestine, lends to an increase of the 
ethereal sulphates in the urine, because the products of digestion undergo putre- 
factive changes, and the putrefactive products are absorbed. 

(2) Diseases of the stomach, in which the food lies in the stomach a long 
time and undergoes fermentative changes, always lead to an increase of the 
ethereal sulphates in the urine. 

(3) Simple constipation and typhoid fever do not produce this result. 






numerous 














1 Zeit. physiol. Chem. x. 818. 2 Ibid. xii. 1. 
3 Journ. of Physiol. ix. 318. 
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(4) Putrefactive processes outside the alimentary canal, putrid cystitis, patria 
abscesses, putrid _peritoniti have the same result as putrefactive processes 
within the intestine. The amount of the ethereal sulphates is, moreover, in all 
cases proportional to the severity of the putrefaction, and is increased by the 
retention and diminished by the discharge of putrid matter ; as, for instance. on 
opening the abscess. 





Tt has by these aud other observations been conclusively shorn 
that the best criterion of the occurrence and amount of putrefaction in 
the body is the relation of the ethereal sulphates to the total sulphates 


Brieger's method of estimating putrefactive change was by estimating the 
total quantity of phenol in the distillate from acid urine as tribromophenol. He 
found that it was increased in septic conditions. This method is, however, ope 
to two objections : first, it only takes into account one of the many products of 
putrefaction ; and, secondly, as an analytical method, it is open to criticist 
‘This latter point has been expeci:lly insisted on by Haldane, who found that the 
more concentrated the urine is, the greater is the quantity of tribromophesol to 
be obtained from it. The non-recognition of this source of error has led Brieget 
to classify scarlet fever and diphtheria with pyzemia, erysipelas, and other patte- 
faction processes, whereas the increase of phenol noted in these cases is meres 
due to the greater concentration of the urine that occurs. Haldane found, br the 
more accurate method of estimating the relation of ethereal sulphates to total 
sulphates, that the proportion is not increased, but if anything somewbat 
diminished; hence there are no grounds for classifying scarlet fever and diph- 
theria as putrefaction diseases except when complicated by the formation of 
putrid abscesses. 

















We inust now pass from general considerations to consider the in 
dividual members of the group. 

Phenol-sulphate of potussium.—The formula for carbolic acid o 
phenol is CsH,O. This was first found to be one of the products of 
intestinal putrefaction by Brumann.? This is absorbed and excreta! 
as the phenol-sulphate of potassium (CyH,O.8O5K) in the urine 
Some of this sulphate also comes from tyrosine, which passes through 
the stages of paracresol and paraoxybenzoic acid Lefore it is com 
verted into the phenol salt (Baumann ?). 

Phenol may he obtained from urine by distilling it with sulphur 
or hydrochloric acid, ‘This breaks up the phenol sulphate, and phen! 
passes into the distillate, where it may be recognised by the yell 
precipitate of tribromophenol which it gives with bromine water. of 
by the various colour-reactions already enumerated (p. 77). 













1 Centrathl. med. Wiss. 187, No. 303 Zeit. physiol. Chem. ii. 241. 

® Zeit. physiol. Chem. . 250, The view here advanced by Baumann as tothe 
fate of tyroxine is not universally accepted; thus Blendermann (Abst. Journal Cir¥. 
Soc, 193, p. 476) and Juffe (Zeit. physiol. Chem. vii.) by feeding animals with tyresae 
found no inereaxe of aromatic or any other substances in the urine, Intravenous injectic2 
of tyroxine wus followed Ly a similar negative result (Cohn, Ibid. xiv. 189). 
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Otto! obtained a red pigment which he considered to be formed from the 
skatoxyl-sulphate as indigo is from the indoxyl-sulphate. Mester,” however, who- 
fed a dog on skatole, found only traces of the skatoxs] salt in the urine, but 
ibundance of the skatoxyl-pigment. He gives certain reactions of this pigment, 
ind considers it identical with those previously described under the names of 
arorubin, uroroscin, uroerythrin, &e. In the urine it exists as a chromogen of un- 
rnown nature, perhaps a compound of skatoxyl with glycuronic acid, analogous 
‘© indoxylglycuronic acid. On adding mineral acids to the urine containing it, 
t became red or reddish violet, especially on warming. The pigment is probably 
in oxidation product of the chromogen, 


The following table (ndapted from Hoppe-Seyler) will be found 
sonvenient for the separation of some of these substances 











1 
: is evaporated to one-third of its volume, and shaken with ether; this ! 
takex up pyrocatechin and hydroquinon ; 


A. The ethereal extract B. The residue after! 
Evaporate off the ether,'and dissolve residue in water. . extraction with ether. 
Add lead acetate, This produces a precipitate. Filter | Render acid with sul- | 
this off phuric acid; put it, 
| into retort and distil. 
—j| In the distillate! 
Filtrate “PHENOL will be | 
Separate lead ax before. found i 
Shake final filtrate with | : 
ether : evaporate ether from 
ethereal extract ; the resi 
due is HyDROCHINON 





Precipitate 
Dissolve in water; pass 1 















pitate lead. 
lead sulpl 
the filtrate, shake it w 
ether ; evaporite the ether 
from ‘the ethereal extract. 
Residue = PYROCATECHIN 














The following table gives in a concise way some important reactions of these 
substances: - 





Sntstance 








Thiemay be obtained from 


It is thin mubstance and 
urine directly by evapo- 


hslrochinon which give 
























extract. tevalkaline urine w dark 
| evnpo- culont at the surface 
| rating the lesb trom Glue te oxidation). Tt 
1 taking ' Drevent in abundance in | 
with ether carboluria” 
Exaporate off the ether i 
frou the extruct, and take | 
‘up residue with water, 
4 Pflidger's Archiv, xxiii, O14. 2 Zeit. physiol. Chem. xii, 180, 


3 Uning G. 


Hoppe-Seyler's method of inolating thene substances (Zeit. physiol. Cheme 
423). 








746 EXCRETION 








Test, Reaction Remarks 








Pyrocatechin . | Add weak ferric chloride | Itincolonredgreen, which 
es into.violet on add- 


ing acetic acid ain! am- 








Une Becomes yellow, then 
brown, of even black 





Add lend acetate Te ie precipltated 





i 

i 

H 

i 

| 

Render the sotution alka- | On exposure to the air it | 

Hyarochinon . | Will be found in the _ 
ethereal extract, mnie as 

in preceding table t 


| 
H ammonia adiled I 


> =I 


Sublimed Yields an indigo-blne abe | 
i imate 

















Osy-aclds . . | Obtained by shaking | An intense red coloar | 
| osantetl vie 
strong m! 
* ether, evaporating off the | 
ether’ from the extract, 
j and taking up the residne 1 
with water. Add Millon's 
Feagent 











Phenol. ss 





ofurineare treated A turbidity appears at | Cresel gives the 








with excess of bromine first, passing on standing | reaction» exces? 
; ‘water | for severnl “loura into ® | with ferricchiorii 
distinct yellow precipitate | method of ~cparst 







of tribromophenol — | from urine 
1 





Distil urine acidniated | Phenol will be found in 
‘with sulphuric acid — | the distillate; add bro- 
nile water; a precipitate 
of trilsromophenol a} 
pears 











‘Warn the distillate with j A cherry red colour 





‘Millon’s reagent | 
prc Sieh Se Sg 
Ald ferric chloride tothe! deep violet tone | 
aistillate i 

i 


Decolonrise urine with | 
animal charonal: dip a 
pine chip in hydrochloric 
acid containing a little 
Potassintn chlorate, and 
molsten it with thetrine 


Tt turns blue in sunlight 














CHAPTER XLI 
THE PIGMENTS OF THE URINE 


Tue pigments of the urine have been described under different names 
by different observers, and in the following account of them T shall 
follow MacMunn ! very closely. It will also be convenient here to 
describe, not only the normal pigments, but also those occurring in 
disease. 

NORMAL UROBILIN 


This is the principal colouring matter of normal urine. It may be 
obtained from the urine by adding neutral and then basic lead acetate 
until there is no further precipitate. The precipitate consists of the 
chloride, sulphate, and urate of lead, and it carries down with it most 
of the pigment ; it is filtered off; the filtrate is clear and almost 
colourless. The pigment is extracted from the precipitate by alcohol 
acidulated with sulphuric acid; the extract is filtered off from the 
remainder of the precipitate which is insoluble in this reagent. The 
extract has a deep yellowish colour ; it is agitated with chloroform. 
‘This reagent dissolves out the pigment, which is obtained in an approxi- 
mately pure condition by evaporating the chloroform from the chloro- 
formic extract. 

Normal urobilin thus obtained is amorphous, yellowish brown in 
colour, freely soluble in alcohol, chloroform, acids, acidulated water, 
and partly soluble in ether and benzene. An acid solution of it shows 
spectroscopically one absorption-band close to and enclosing the F line. 
Tf the solution be made neutral by alkalis, the band disappears. If the 
absorption spectrum of normal urobilin (fig. 97, spectrum 1, p. 748) be 
compared with that of choletelin (fig. 88, spectrum 2, p. 685), it will 
be found that the two are practically identical. It would, however, be 
premature to sny that the two substances are identical, until spectro- 
scopic analysis is supported by other analytical methods. When 
normal urobilin is separated out and dissolved in alcohol, and treated 
‘with zine chloride and ammonia, the solution shows a green fluor- 
esoence, which, however, is not nearly so well marked ax that obtained 








1 Clinical Chemiatry of Urine, pp. 104-113, 
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PATHOLOGICAL UROBILIN 


This substance is sometimes termed febrile urobilin, as it appears in 
certain febrile conditions. 

It is prepared from urine hy the same method as that already 
described for normal urobilin, and is soluble in the same reagents. 

Its spectrum is shown in fig. 97, spectrum 2. The band at F is 
darker and wider than the corresponding band of normal urobilin; 
there are in addition two other bands in acid solutions, one between 
D and E and the other just before D. 

On treatment with zine chloride and ammonia a deep grea 
fluorescence is developed, as with stercobilin and hydrobilirubin, and the 
spectrum: then seen is a three-banded one practically identical with that 
obtained by treating normal urobilin in the same way, and also like 
that obtained by the similar treatment of hydrobilirubin, —Stercobilin, 
on the other hand, after this treatment gives a four-banded spectrum. 

Pathological urobilin can be artificially prepared from artificial 
normal urobilin by the action of reducing agents. We may therefore 
infer that pathological urobilin is a less oxidised stage of the same 
material which under normal circumstances passes into normal urobilin. 
Pathological urobilin, like normal urobilin, does not necessarily 
arise from bile-pigment. It may arise from the blood-pigment. After 
extensive extravasations of blood into the tissues. or into the 





peritoneum, the urine becomes dark, like jaundiced urine, but the 
pigment is found to be pathological urobilin.! 


UROH.-EMATOPORPHYRIN 


This pigment has been found by MacMunn and subsequently br 
le Nobel? in certain diseased conditions, viz. Addison's disease, acute 
rheumatism, cirrhosis of the liver, pneumonia, pericarditis, peritonitis 
measles, meningitis, typhoid fever, and Hodgkin's disease. MacMunr 
considers it probably closely related to Baumstark’s? urorubrohematin 
and urofuscohematin. Like urobilin, it may exist in the urine partly 
in the fori of a chromogen (named urobilinoidin by le Nobel), which 
on oxidation is transformed into the pigment. 

It can be prepared from the urines that contain it by the same 
method as that already described for urobilin. It can be prepared 
artificially from hematin (not from bile-pigments) by the action 
zine and sulphuric acid, sodiun-amalgam, and other reducing agents 











' Cases of this condition whieh occurred in U 
are described by MacMunn, Journ. Physiol. x. 8 
2 Pfliiger’s Archiv, vol. x1. 1887. 3 Tid. ix. 388. 





iv. Coll. Hoxp. under Dr, Ringer's ea 





THE PIGMENTS OF THE URINE 751 


In acid solutions the spectrum is characteristic (fig. 97, spectrum 3); 
the bands are four in number : a narrow one before and touching D, 
another darker between D and E, a feeble shading between these two, 
and, lastly, a band at F, practically identical with that of normal 
urobilin. If the pigment is dissolved in alcohol, and ammonia added, 
a five-banded spectrum like that of neutral hematoporphyrin is 
obtained. Treated with zinc chloride and ammonia, a faint green 
fluorescence appears ; the band at F becomes a little narrower and 
shifts a little towards the red end of the, spectrum, and there are two 
other bands between D and E. This pigment thus resembles the 
pigments we have previously discussed, but shows certain differences 
from all of them. 

More recently MacMunn (Proc. Physiol. Soc. 1890, p. xiii.) found in three 
specimens of morbid urine a pigment probably intermediate between urohema- 
toporphyrin and hamatoporphyrin.! These urines were of a deep Burgundy red 
colour, contained no proteid, and, on the addition of a drop of sulphuric ac: 
showed the spectrum of acid hematoporphyrin (fig. 59, spectrum 10, p. 277). 

The table on the next page collects together the chief distinguishing characters 
of these various but still cloxely allied pigments. 





OTHER URINARY PIGMENTS 





Urorubin, urorosein, purpurin.—Probably identical with the xkatole-pigment 
(Mester). 

Uroerythrin.—This is the pigment which colours deposits of urates a brick- 
red tint. Mester considers that this also is identical with skatole-pigment. 
MacMunn, however, states that it gives certain characteristic reactions, It may 
be extracted from the urates by boiling alcohol. This solution gives two ill- 
defined bands before F. In the solid state it becomes green with caustic soda 
or potash. Its origin and its relation to urobilin are unknown. 

Trochrome,—This wax the name given by Thudichum? to what he considered 
to be the chief urinary pigment. It is possibly impure urobilin altered by the 
method of preparation. It may be prepared as follows :—Precipitate about 
0 c.c. of urine with lead acetate and a drop of ammonia. Filter. The filtrate ix 
colourless, Scrape the precipitate into a capsule, mix it with a few drops of 
salphuric acid, and add to the pasty muss a little alcohol. Filter. A yellow 
alcoholic solution of urochrome comes through. Boil this with excess of 
salpharic acid, and dilute the acid liquid with water. Black flocculi are formed : 
these do not consist of carbon produced by charring, as they are readily soluble 
im ammonia, from which it can be again precipitated by sulphuric acid. The 
mame uromelanin was given to this black pigment. Thudichum described 
another derivative of urochrome, which he named wropittin (CjH,N,0,). These 
experiments have now a merely historical interest. 





Pardington, Lancet, ii. 1890, p. 607. 
vember 1864, p. 509. 


" See also Runkis 
» Brit. Med. Journ 
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Pigment Hrootiradin | —sercotain | Normat urobitn’ PWhelorcat = Crabencte | 


efnition A pigment arti-| The plgment of | The pigment of | Pigmenta oceurring i the roe 
ae vee 





ately pre. worm arine | tn certaln, diecanen ches a 
Iuoed from bill- febrile character 
rubin by reiine- i : 
‘tion with H 
voltam-amal- | | 
eae ae | ‘ i 
| Ortgin tn Areluction- A lews highly A relocthe- ; 
the body product fom ‘cxidisel —pro- product. frm! 


bile-] entor uct from bile-  twootl-pigmest ' 
bloopigment. ‘or blool-pig- (MacMfune’ 








, (Oxidation-pro- ment 
‘Tact — (MscMunn) 
i i ‘MacMunn) 
fremogiobin of 
| the food = me Aye 1 


MacMtunn) | These plementa all exist in the urine med »! 
chromogens, which by oxidation are ouverte!’ 
a {into the pigment 














Spectro- | Two bands, ane‘ Two hands one | One band at F! Three hands, Four! 
neopte wp- | at D, the other ; at other | (kecholotelin) one just hefore just befe I 
petmances between band F | between band | (Ax. 97, apec- D,olte tetiween two becsers D 










(fi. BM BPC | trum) Daud E 
| i tram 3) F thin! dark aud 
wide at F (ibid. ' spectrum, 
{__speetram 2) 





(Jee 


Om treat- . Well-murkel — Well-markel | Fairly wells Well-marked 
ment with | yreen fluores + yreen fiuores- | markel green green flnore 
ceniee, ence, finoresoence. ‘cence, 
ud Specrrum :three Speefrum : ton | Spertrum :tiree Spectrum : 
misone after tants one after | inanta, like those Panda I 
oneat D.the C,one at Done | of hydro of hy 
third between between D'and | bilirubin dilitubin 
aml FU the fourth 
spect et ween band F 
























Melanin. This substance must not be confused with the artificial pre 
named uromelanin just described, Melanin, or a chromogen called melanz: 
converted into melanin by oxidation, occurs in the urine in some coe! 
melanotic sarcoma (see . 499), and the term melanwria may be employed 
denote this condition, The melanin probably contains iron. vy, Jakeen' b= 
Aescribed two cases of this condition, He finds that the urine becomes 
brown or black on addition of # dilute solution of ferric chloride. In uri 
taining melanin or its precursor melanogen, Prussian blue is formed on 9% 
nitroprusside, agueous potash, and an acid. This reaction, however, dies 
seem to depend on the presence of melanin, as it is not given by that substars 
when separated from the urine, but apparently by some other, at poo 
unknown, substance, which is present in traces in normal urine, and is inca 
in cases of melunuri:, and also in those conditions where excess of indige s 
in the urine. 

Humous substancer.—When an apple ix cut open, it becomes dark ou expr 





























1 Zeit, physiol. Chem, xiii. 385, v. Jakweh points out that a large quantity of an22 
may occur in the urine in wasting diseases, and it may be absent in cases of melane< 
sarcoma. Clinical Diagnosis, p. 249. 
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e air: this is a familiar instance of a widespread occurrence in the vegetable 
|, the formation of a humous substance. These humous substances are 
| to carbohydrates, and also to aromatic bodies, as on fusing with potash 
yield pyrocatechin, protocatechuic acid, as well as volatile fatty acids, 

appear to be nitrogenous, and such a one is formed, according to 
nssky,! from urea and the normal carbohydrates of the urine on heating 
a mineral acid. The dark colour of herbivorous urine, and also that in 
Nuria, is stated by Udranszky to be due to similar humous pigments, and 
ding to him the pyrocatechin obtainable from such urines is due to the 
nposition of the humous substances they contain, The experiments, how- 
do not appear to me to fally bear out these statements, and until fuller 
is thrown on the subject, Udranszky’s conclusions must be accepted with 
on, 


1 Zeit. physiol. Chem. ii, 587; xii. 88. 
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CHAPTER XLII 


OTHER ORGANIC CONSTITUENTS OF THE URINE 


A NUMBER of organic constituents, in addition to those already 
described, may occur in small quantities in the urine. We may divide 
these into the following groups : 

(1) Non-nitrogenous acids : oxalic, succinic, and lactic acids. 

(2) Fatty acids. 

(3) Clycero-phosphoric acid. 

(4) Carbohydrates : dextrose, animal gum. 

(5) Ferments : especially pepsin. 

(6) Mucin. 

(7) Cynurenie and urocanic acids. 

Oxalic acid (C,H,0,).—The free acid never occurs in the urine, 
but it is united with calcium to form an oxalate, which, under ordinary 
circumstances, is held in solution in the urine by the acid phosphate & 
sodium, Schultzen! found that 0-1 gramme (1:5 grain) was excreted 
daily by men. Neubauer in some cases found it wholly absent, Itis 
much more abundant in the urine of horses and pigs. 

Tt occurs in excess in the urine after the ingestion of rhularb 
and cabbage, the former of which contains an especially large amount 
of the acid. 

It is increased in a condition called ‘oxaluria,’ in which th 
most prominent subjective symptom is nervous depression, Oxaluria 
occurs in a variety of ailments ; an increased secretion of uric acidis 
generally accompanied with an increase of oxalic acid. Tt also ours 
in excess in certain cases of catarrh of the urinary passages. 

When present in excess it is in the form of a precipitate of 
crystals of calcium oxalate. Such erystals are frequently found in the 
‘Jateritious deposit’ of febrile urine. Such erystals form, as a rae 
after the urine has stood a few hours, especially if it contains exces 
of mucus, or spermatozoa, as in spermatorrhea. This deposition 
crystals is probably the result of an acid fermentation. 

Crystals of calcium oxalate (C,Ca0,+2H,0) are distinguished br 
their form, quadratic octahedra with a short principal axis; these ar 








1 Arch. f. Anat. u. Physiol. 1868, p. 719. 
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urinary phosphates, and not to actually increased excretion ; a careful analysis of 
the twenty-four hours’ urine should always be made. In true phoephaturia, of 
which the chief symptoms are nervous irritability and digestive troubles, the 
amount of P,O, in the twenty-four hours may rise to 7 to 9 grammes.’ 

Calculi consisting wholly of calcium phosphate are exceedingly rare ; uric acid 
calculi, however, are often covered with a coating of phosphates ; the presence of 
the stone in the bladder sets up inflammation, the urine is thus rendered alkali. 
and calcium phosphate is precipitated. 


OTHER INORGANIC SUBSTANCES 


Iron occurs in small quantities ; the compound in which it is present is m 
known (Hamburger *). 

Traces of silicic and nitric acids," derived from drinking water, have bea 
found. 

Traces of fluorine are sometimes present. 

Free anmmonia occurs in mere traces also, but is increased when putrefactia 
seta in. 

Hydrogen peroxide was found in traces in fresh urine by Schénbein. 

Sulphuretted hydrogen develops in putrid urine, probably not from the s- 
phates, but from other combinations of sulphur, such as sulpho- (thio-) crane 
acid,* and cystin (sce Cystinuria, Chap. XLIV); hyposulphites may oocur in 
typhoid fover urine. 

‘The gases —'The following table represents the chief analyses that have bem 
‘made. The numbers are volumes per cen 
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1 Texnier, Du diabete Phosphatique, Lyons, 1877. 
2 Zeit. physiol. Chem. us, s Rahman, Zeit. physiol. Chem. 6. 
4 Sitzungaber. d. Bayer. + 
5 Munk, Arch. f. path 
850. 
® Miller, Chem. Centralbl. 1887, p. 807; Berlin, Klin. Woch. xxiv. 405. 
1 Zeit. d. Geaellsch. d. Aerzte in Wien, 1859, p. 465. 
% Ppliiger's Archie, ii. 165, 9 Arch. f. Anat. u. Physiol. 1873, p.1. 
10 Pfliiger’s Archiv 
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CHAPTER XLIV 
ABNORMAL AND PATHOLOGICAL URINE 


Mozsip conditions of the urine are exceedingly numerous. The urine 
may contain excess or diminution of one or other of its normal con- 
stituents. These conditions have been already described in the pre- 
ceding chapters ; we may thus have urea, urates, phosphates and other 
salts in greater or less abundance than usual. The alterations in the 
pigments of the urine have already been described. 

We have, however, now to consider alterations in the urine, in 
which substances normally absent from, occur to a greater or less 
extent in, that secretion. We shall also have to take up in a rather 
more connected way than we have done hitherto the deposits that 
occur in the urine. 

The substances which occur in the urine under abnormal conditions 
are those introduced into the body with food or in the form of drugs ; 
and those which are due to the presence of disease of the urinary tract 
or other parts ; among these blood, pus, bile, albumin, and sugar are 
the most important. 

It will be convenient to describe the heterogeneous group of cases 
we have to consider in the following order :— 

1. Substances that appear in the urine as the result of the adii- 
nistration of drugs. 

2. Deposits of various kinds that may occur in the urine. 

3. Urinary stones, or calculi. 

4. Blood and blood-pigment in the urine. 

5. Bile in the urine. 

6. Proteids in the urine. 

7. The urine in diabetes. 

8. Glycuronic acid in the urine. 

9, Fats in the urine (chyluria) 

10. Alkaptonuria. 

11, Alkaloids in the urine. 


DRUGS IN THE URINE 


Inorganic salts.—Iodide, bromide and chloride of potassium or 
sodium, appear in great measure unchanged in the urine. Salts of 
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or whether the sediment forms subsequently ; for instance, in the ease 
of concentrated urine, the cooling that occurs after it leaves the 
bladder is often suflicient to cause a deposit of urates. 

‘When urine is allowed to stand for any length of time after being 
passed, one of two species of fermentation may occur. (1) The alka- 
dine fermentation, Urea is changed into ammonium carbonate by the 
action of the micrococeus wree ; the ammonium carbonate is easily 
decomposed into ammonia and carbonic acid : this causes the urine to 
become alkaline, by which means the earthy phosphates are procipi- 
tated, and triple phosphate (coffin-lid crystals, fig. 99) is formed. Acid 
ammonium urates (fig. 95) may also be precipitated in alkaline urine. 
This fermentation may occur within the bladder in cases of catarrh 
of that organ, but under these circumstances the deposit of phosphates 
‘is mixed with excess of mucus, epithelium, or, in extreme cases, pus. 
(2) The acid fermentation, The deposition of urates is often accelerated 
hy what is termed the acid fermentation, in which the acidity of the 
urine increases : this seems to be brought about by another fungus. 
| The deposit consists chiefly of amorphous acid sodium urate ; crystals 

of uric acid and of calcium oxalate may also oceur. A crystalline 
| ealeium phosphate (CaHPO,+2H,0) (Stein) may sometimes occur in 
| acid urine (see p. 762). This fact is of some importance, as it accounts 

for the presence of calcium phosphate in or around uric acid caleuli, 

even though the urine may have been acid throughout all the time 

that the stone was forming. The increase of fatty acids in certain 

cases of disease has been already alluded to, and is called lipaciduria 
(eee p. 756). Hippuric acid is in decomposing alkaline urine often 
split into benzoic acid and glycocine ; perhaps this is also brought 
about by a bacterial growth. 





Chemical Deposits in Urine 


‘The following paragraphs give the principal facts in relation to the 
chemical substances that may occur in urinary sediments, 
Uric acid.—A sandy, reddish deposit resembling cayenne pepper. 
Tt may be recognised by its crystalline form (fig. 93, p. 728), and 
the murexide reaction. The presence of these generally 
indicates an increased formation of uric acid (see p. 733)! Voit and 
| 1 Pfeiffer (Seventh Congress of German Phyricians, Wiesbaden, 1858) browght 
forwart « teat for discovering excess of uric acid in the urine even when ne deposit occurs, 
‘Tho twenty-four hours’ urine ix divided into two parts; one of these és Siltered through a 
filter on whieh pure uric acid is placed; the other ix not so trested. Equal ¥olumen of 
‘each portion, say 100 ¢.c., are then acidalated with hydrochloric acid, and not aside. ‘The 
Precipitates of uric acid which form im both are collected on weighed filters, washed, and 
weighed. If the urine is normal, the yield in the two cases is about equal. On the other 
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On comparing the formula given above with that given for cystin on p. 86, 
‘it will be scen that the two are different. The more recent researches of Baumann 
have shown, however, that the formula C,H,NSO, is the correct one, or probably 
this empirical formula must be doubled to give the true molecular weight 
<C,H,.N,S,0,).  Cystin is lactic acid in which H is replaced by NH, and OH by 
8H. In vormal metabolism in the course of the formation of sulpharic acid 
products, a substance akin to cystin, and called cystein (C,H,NAO,), is formed ; 
‘the formation of cystin from cystein is an abnormal step in metabolism ; and this 
Delépine considers is brought about by the action of a torula-like organism.’ 
¥or Diamines in Cystinuria see Chap. XIII. 


Leucine and tyrosine generally occur together. The only conditions 
in which they are found in any appreciable quantity in the urine are 
acute yellow atrophy of the liver and phosphorus-poisoning. They have 
been also described in the urine of small-pox and typhus patients. They 
may be recognised by their crystalline form, and by the tests which 
have already been described (p. 83), after their separation from the urine, 
which may be performed as follows: Precipitate the urine with lead 
acetate und filter. Pass sulphuretted hydrogen through the filtrate, to 
remove the lead ; filter, and evaporate the filtrate to a syrup. Impure 
leucine and tyrosine crystallise out, and may be separated by hot 
alcohol, which dissolves the leucine, leaving the tyrosine in the residue. 

Xanthine under rare circumstances occurs as a urinary deposit, or 
even forms stones. It may be recognised by its lemon-shaped crystals, 
insoluble on heating, insoluble in acetic acid, soluble in caustic potash. 
When evaporated with nitric acid, and the residue touched with caustic 
potash solution, it turns red, and on being heated reddish violet. 

Phosphates. - The chief forms of phosphates that occur in urinary 
sediments are :— 

(1) Calcium phosphate, Ca;(PO,) ; amorphous. 

(2) Triple phosphate, (MgNH,PO,) ; coffin lids (fig. 99, p. 762) 
and feathery stars. 

(3) Crystalline phosphate of calcium, CaHPO,, in rosettes of prisms, 
in spherules, or dumb-bells. 

(4) Magnesium phosphate, (Mg,(PO,),-+22 H,0), occurs occasionally 
and crystallises in long plates. 

All these phosphates are dissolved by acids, such ax acetic acid, 
without effervescence. A solution of ammonium carbonate (1 in 5) 
eats magnesium phosphate away at the edges ; it hax no effect on the 

1 Proc. Hoy. Soe. x\vii. 198. 

3 Oxymandel acid (CgH40,) was observed to be Brenent i in acute yellow atrophy with 
lencine and tyrosine by Schultzen and Riess (Chem. Centralbl. 1469, p. 680). Tt wax 
found in the ether extract of the urine after acidulation with sulphuric acid. It form« 
colourless, glixtening crystals, with melting-point 162°C., xparingly soluble in cold 
water, eanily in hot water, alcohol, and ether. It yields phenol on dintillation with lime. 

3 ‘The impure crystals as seen in the urine are generally yellowinh spherical massen. 

3d 
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triple phosphate. A phosphate of calcium, (CaHPO,+2H,0), may 
occur in acid urine. 

Calcium carbonate, CaCO,, appears but rarely in deposits as whitish 
balls or biscuit-shaped bodies. It dissolves in acetic or hydrochloric 
acid with effervescence. 

Indigo crystals are occasionally found in stale urine, especially in 
cases of cholera and typhus. 

The following is a summary of the sediments of a chemical nature 
that may occur in urine :— 


UNORGANISED SEDIMENTS IN URINE.— 


In ActpD URINE 1 Ix ALKALINE URIxe 
Uric acid. -Whetstone, dumb-bell, Phosphates — 


deeply tinged by pigment (fig. 93). phous. 

Urates of sodium, potassium, and am-' — Triple phosphate, MgNH,PO, + 6H.0. 
moniwm.—Generally amorphous. The | Coffin lids (fig. 99) or feathery stars. 
acid urate of sodium (fig. 94) and of Calcium hydrogen _ phosphate. 
ammonium (fig. 95) may sometimes | CaHPO,. Rosettes, spherules, or doad 
occur in star-shaped clusters of needles, | bells. 
or spheroidal clumps with projecting Magnesium phosphate, 
spines. Tinged brick-red. Soluble on | Mg,(PO,),+22H,0. Long plates. 


or sheaf-like aggregations of crystals, | Calcium phosphate, Ca,(PO,)- Ams 
' 






warming. All soluble in acetic acid witbox 
Calcium oxalate—Octahedra, so- | effervescence. 
called envelope crystals (fig. 98). In- Calcium carbonate, CaCO, —Bise 
soluble in acetic acid. shaped crystals, Soluble in acetic a 
Cystin. Hexagonal plates (fig. 37). | with effervescence. Rare 
Rare. Acid ammonium urate, 
Leucine. — Yellowish spheroidal | C,H,(NI,),N,0,. Thorn apple spheruie= 
clumps of crystals (fig. 32). Rare. (fig. 95). 
Tyrosine.—Bundles of silky needles Leucine and tyrosine.—Very rat 
(fig. 33). Rare. 
Calcium phosphate Cal PO, +2H,0); 
sce p. 762. 


Anatomical Elements in Urinary Sediments 

These are as follows : - 

(1) Blood-corpuscles, red and white.-- Much of the hamoglobin 
dissolved by the urine, especially if that secretion is alkaline. Blood 
is recognised by the microscope and spectroscope. The red bi-cuncave 
discs generally become spherical, except when the urine is cou 
centrated, in which case they become crenated. (See further Blood ix 
Urine.) 

(2) Pus. —This forms a white sediment resembling that of phw- 
phates, and is frequently mixed with phosphates. The pus-corpuscle 
are indistinguishable from white blovd-corpuscles. The addition vf 
1 per cent. acetic acid is generally necessary to render the nuciei 
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visible. Pus occurs in the urine as a result of suppuration in any 
part of the urinary tract (urethritis, gonorrhea, cystitis, pyelitis, abscess 
in the kidney, tubercular kidney), Occasionally, especially after 
gonorrheal inflammation of the prostate, white strings, made up of 
united pus-corpuscles, may appear in the urine. Some of the proteid 
constituents of the pus-cells, and the same is true for blood, pass into 
solution in the supernatant urine, and when the urine is boiled after 
faintly acidulating with acetic acid, it beoomes cloudy from the forma- 
tion of coagulated proteid. 

On the addition of liquor potassre to the deposit of pus-corpuscles, 
a ropy, gelatinous mass is obtained (Donne's test). 

(3) 3fucux,—This occurs to a small extent in normal urine, in exces- 
sive amount in catarrh of the urinary passages, and is generally mixed 
with pus when that is present in the urine. To the naked eye it appears 
as loose, flocculent masses ; under the microscope it is mostly amor- 
phous, together with a greater or less amount of epithelial cells, 
according as the catarrh is severe or mild. 

It disappears, to a great extent, on the addition of caustic potash, 
because mucin, its chief chemical constituent, is soluble in alkalis. By 
this reaction it may be readily distinguished from pus. 

(4) Epithelial cells.--These are of various kinds, according to the 
situation of the disease ; cells from the renal tubules, from the pelves 
and ureters, from the bladder and urethra. They are larger than pus- 
cells, their nucleus is apparent without treatment with acetic acid, and 
their form is characteristic of the situation from which they come (ae 
Chapter XXI, Epithelium). Cells from cancerous and other growths 
of the urinary tract may occasionally be found in the urine. 

(5) Spermatozoa may be found if semen has passed into the 
urethra, or bladder, or into the vagina, 

(6) Casts, -These moulds of the renal tubules only occur in urine 
in kidney disease, and the urine containing them ix albuminous. They 
may be classed as follows :— 


a. Hyaline casts, produced by the escape of bloud-plasma into the tubules; 
this coagulates, and is carried into the main urinary stream by the pressure of 
fluid behind. If the epithelium of the tubule has been previously removed, larger 
hyaline casts are obtained. 

b. Epithelial casts.—These are hyaline casts to which the detached epithelium 
of the tubule adheres. 

¢. Blood-casts—These are caxts formed in tubes into which hemorrhage has 
occurred. They contain entangled blood-corpuscles, or may sometimes appear to 
consist wholly of blood-corpuxcles. 

d. Granular casts.—These are casts containing the debris of degenerated 
epitheliam cells, or of Llood-corpuscles ; in the latter case they are yellowish. 

32 
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e. Fatty casts.—These are casts dotted with fat-granules or globules, either 
within epithelial cells or free, i.e. after the disintegration of epithelial cells. 

f, Albuminoid casts.—These are casts formed of waxy or albuminoid material 
which form in waxy, lardaceous, or albuminoid degeneration of the kidnes. 
They are stained brown by iodine. 

g. Mucus casts,—Casts of mucus, often of great length, sometimes occur, ani 
do not necessarily indicate disease. 

h. Seminal casts.—Casts of the seminal tubes of the testes. These contain 
‘spermatozoa. 

i, Leucocyte casts.—These are formed of adherent leucocytes, and occar it 
suppuration, which involves the renal tubules. 

j. Urate casts,—Acid sodium urate occasionally takes the form of a cast of th 
tubule in which it was excreted. ‘This does not necessarily indicate disease. It 
dissolves on the application of heat. 





(7) Parasites. Healthy urine is free from microbes. They may be 
introduced from without, as by the use of dirty catheters ; they way 
arise from disease, such as tuberculosis of the urinary passages ; or thet 
may even come from more distant parts, passing into the urine frm 
the blood, as in anthrax, or carried by the blood to the kidneys in 
diphtheria, typhoid fever, ulcerative endocarditis, and other disease. 
Sareine: and saccharomyces have been found in diabetic urine. Hiwk 
lets of Tenia echinococcus, ova of the fluke Bilharzia hematin 
embryos of filaria sungninix hominis, and thread-worms. from the 
vagina in women are instances of entozoa occurring in the urine. 





Many of the preceding ‘leposits occur but rarely in the urine. The followin: 
scheme for the preliminary ex:mination of a urinary deposit takes inte accout! 
only the commoner forms of sediment. It is also necessary to recognise in «17. 
a scheme that proteids, especially scrum-albumin in solution in the urine, m: 
occur in conjunction with a deposit. 

I. Ascertain the reaction of the urine by means of litmus paper. 

Il. Note the naked cye appearance of the deposit, and perform the followin: 
tests 














Remove some of the deposit from Confirmatery tests co. 
the hottom of the urine glass with x Nukeleyeappent- be applied to the eedi- Reaction? 
pipette, and shake it up with some of “ance of deposit. meut removed from the | urine 


the supernatant write urine by filtmtion 





Brick-red deposit Murexinle test Asarien! 
ts almost ine 
x Aci Cayenme pepper Murexide test Acid 
|. The turbidity increaws - 

LEIS CAMMON TE 








Dissolves in acetic weil Alkatine 
with effervescence 
Dissolves in acetic acid Neutra! 
without effervescence kaliness3t 
Araeas Does not dissolve in Acid or sie 
acetic acid Tine 








| Eanrity Prosransres 
i 
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| Retnove some of the deposit from | 
; the bottom of the urine glass with a 


,Confirmatory testa to 
Nakeileyeappenr- ' be applic to the sedl-| Reaction of 
pipette, and shake it up with some of urine 


‘ance of deposit ment removed from the 
urine by filtration 





‘the supernatant urine 





8. Half fill another test-tube aa 1 
hefora, and adil a drop of acette acl 

§, The turbidity disap 2 | 

i 

i 








i ay Po PHATE 
41 The turbidity increases 
cg 


; ‘Cvs (somietimes) 
li, It remains unaltered — 


Mcrus (sometimes) 





: Adil caustle potas) 

jteonteclem |e ment ery |] 
Chal alee |f nual al 

White deposit | Add caustic potash; a e 





( 
stringy gelatinous mass 
Tethereare | mF etorme | 
present the} Buoop Red deposit Examfne  epectroscopt- | Acid or alka. 
urine will be cally ae Blood ts line 
albaminous Urine) 
Caucum OxaLaTE White deposit Diswolves in hydro- Acld 
| cehlorfe weld : 





III. Remove # small amount of the deposit by a pipette, mount it on a glass 
slide, cover with a cover-slip, and examine for crystals, blood-corpuscles, pus-cor- 
puscles, urinary casts, epithelium-cells, bacterin, &e. 








URINARY CALCULI 


Concretions, called sand, gravel, and stones, according to their size, 
may form in the pelvis of the ureter, the ureter, sinus of the prostate, 
but most frequently in the bladder. They may result from the con- 
glomeration of urinary deposits, when they are said to be primarily 
formed ; or the deposition may occur around some foreign body, such 
as small blood-clots, or pieces of pencil, broken ends of catheters, or 
other material introduced into the bladder from without ; these are 
said to be secondarily formed. The deposition in all cases occurs in 
concentric layers around a central nucleus ; in primary stones this ix 
mont frequently uric acid, or calcium oxalate, or both ; in secondary 
stones, the foreign body forms the nucleus. 

After what has been already said concerning urinary sediments, it. 
ix only necessary to give a brief notice of the different forms of stones. 
The substances deposited in alkaline urine will be phosphates ; in acid 
urine, uric acid, urates and calcium oxalate. If the reaction of the 
urine changes during the formation of the calculus, alternate layers of 
these two sets of materials will be found. 

The following are the principal varieties of stones that occur :— 

(1) Calculi, composed of uric acid or urates, with either little or no 
admixture with phosphates. They are generally reddish and smooth, 
sometimes tuberculated. They form about three-fifths of the total 
nuinber of stones operated on. 

(2) Mixed calculi: stones like the preceding, but containing « 
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larger quantity of phosphates than of uric acid, usually in concentric 
layers, alternating with uric acid, or forming a coating on the surface 
of a uric acid nucleus. This variety comprises nearly two-fifths of the 
remaining cases. 

(3) Calcium oxalate calculi; these are dark brown or grey, very 
hard, generally tuberculated, when they are called ‘mulberry caleuli ; 
if smooth, they are termed ‘hemp-seed calculi.” They comprise about 
3 per cent. of the tutal number of stones that occur. 

(4) Phosphatic calculi: -a calculus composed of pure calcium 
phosphate is exceedingly rare.! A nucleus of uric acid is generally 
present, The phosphates deposited are principally calcium phosphate, 
triple phosphate, or a mixture of calcium and magnesium phosphate. 
This last named is the commonest ; it is often soft, like chalk, and 


melts under the blowpipe flame, being therefore called the fusibie 
calculus. 








(5) Calcium carbonate caleuti are those generally found in the 
prostate. 

+ (6) Cystin caleuli ave mostly small, smooth, and have a yellow 
tinge, changing to green when kept in the air. These are rare. 

(7) Xanthine calculi: these ave still raver. 

(8) Fibrinous culeuli (composed of fibrin or inspissated albumin! 
have a glassy appearance on fracture. Blood-calen7i have been de 
ibed in cases of renal hematuria. Uyro-stealith calculi are probably 
composed of fatty material? Judigo calculi: only one has yet len 
recorded (Ord). 








The following is a scheme for the analysis of caleuli.3 It is best 


to scrape off and powder a little from each layer and examine it 
separately. 
SCHEME FOR ANALYSIS OF URINARY CALCULI 
Burn a little of the powder on a piece of platinum foil over a spirit-lamp « 
Hansen flame. 
A. It burns away completely, or leaves a mere trace of residue. 
(1) There is a smell of burning feathers during the process. ALBUMIS 
Finnix, Bcoop. Confirm by proteid tests. 
2) It first melts on heating, giving off an aromatic smeil. Fresh portion 
are found ; («) soluble in ether, (4) in caustic potash. URo-8TEALITE. 
3) It gives off purple red vapour. A fresh portion dissolves in sulphor* 
acid with a blue colour, showing spectroscopically a band before D. INDI». 
The above are all rare, (Generally there is no odour, and no coloured fame 
The stone then consists of uric acid, ammonium urate, cystin, or xanthine, Th 








1 Sir Henry Thompson has only operated on one case (Clinical Lectures, 3th wit 
p. 67). 

¥ Heller's Archiv, 144-5; Moore, Dublin Quart. Journ. 1854. 

3 Adapted from Salkowski und Leube, 
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‘two last named are also rare. Take a fresh portion of the powder, and digest with 


‘warm dilute hydrochloric acid. 
a. It dissolves completely. 
CrstIx or XANTHINE 
Dissolve a fresh | Dissolve a fresh 
portion in ammonia portion in nitric 
and filter ; evaporate | acid; evaporate to 
off the ammonia! dryness on a por- 


b. It dissolves incompletely. 

| Filter: wash the residue with water. 
Try the murexide reaction. Both uric 
acid and ammonium urate stones 
give this reaction. To test for am- 
monia proceed as follows: Warm a 


from the filtrate; celain dish; add 
hexagonal crystals ‘caustic —_ potash | sodium carbonate solution. Ammonia 
vf cystin form. The when cool; @ red | is given off, and may be recognised by 
crystals may be also colour is produced, ; its smell, blueing of red litmus paper, 
obtained by adding which becomes red- ; and fumes with a glass rod wetted with 
acetic acid to the dish violet on heat- | hydrochloric acid. If ammonia is 
ammoniacal _solu- ‘ ing. | present, the stone consisted of AM- 
tion. | moxtuM URATE; if absent, of Uric 
| Act. 

B. The powder becomes black, owing to the organic substances present, but 

{eaves a considerable residue, ‘The stone may then consist of urates of sodium 


fresh portion of the powder with 





and potassium, or earthy phosphates, or calcium oxalate, or carbonate. 
(1) Take a fresh portion and place on platinum foil. It melts under the 


Dlowpipe flame. FUSIBLE CALCULUS. 


chloric acid and testing for phosphates. 


Confirm by dissolving in dilute hydro- 


(2) Take a fresh portion of the powder ; add dilute hydrochloric acid. 


a. It dissolces completely. 

Uric acid is absent. 

If it dissolves with effervescence, 
CaLciuM CARBONATE is present. If 
there is no effervescence, it is absent, 

If it dissolves without effervescence, 
and a fresh portion of the powder be | 
incinerated, and then cffervesces with 
hydrochloric acid, the stone contains or | 
consists of CALCIUM OXALATE, which, | 
by the process of incincration, had , 
‘een converted into the carbonate. 

If it dissolves without effervescence | 
either before or after incineration then 
the portion of stone taken consists 
wholly of PoospHates. If, however, 
there is effervescence, phosphates are 
not necessarily absent; they may be | 


b. It dissolves incompletely. 

Uric acid is present, and may be 
tested for in the residue in the man- 
ner described above (Ab). The stone 
then consisted of URaTE oF Sopa. 
Traces of that of potash may be also 
present. 

Phosphates, calcium carbonate, or 
calcium oxalate may have been mixeil 
with the urate, but these pass into 
solution in the dilute hydrochloric 


\ acid used; these may be tested for as 


described in the accompanying column 
(a). Sodium and potassium, calcium 
nd magnesium also pass into solution 
if present as chlorides. These metals 
may be detected as already described 
@. 717). 





wnixed with the carbonate, or more rarely with the oxalate of calcium, which gave 
the effervescence before and after incineration respectively. Phosphates may be 
texted for by the nitro-molybdate and other well-known tests, The metals 
calcium and magnesium may be tested for in the usual way (p. 717). 

Stones often contain a xmall percentage of irov. This nlso passes into the 
hydrochloric-acid solution ; render‘it feebly alkaline with ammonia; cool ; sida 
late with acetic acid ; yellowish white floccnli of ferric phosphate separate out. 
Collect these on a filter, dissolve them in hydrochloric acid, add ferrocyanide of 
potassiam and Prussian blue is developed. 
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BLOOD AND BLOOD-PIGMENT IN URINE 


When hemorrhage occurs in any part of the urinary tract, blod 
appears in the urine. Blood which comes from the kidneys, as in 
acute Bright's disease, cancer of the kidney, scurvy, purpura hemortha- 
gica, endemic hematuria (due to the parasite Hilharzia), and after the 
use of turpentine, cantharides, and other drugs, is generally mixed 
uniformly with the urine. Blood which comes from the bladder is often 
clotted, and usually comes in greatest abundance towards the termins- 
tion of the act of micturition, while that from the urethra stains most 
deeply the urine that is passed at the commencement of micturition. 
Blood from the prostate is generally uniformly distributed in the urine, 
so resembling blood from the kidneys. 

If a large quantity of blood is present, the urine is deep red, expe 
cially if it is alkaline ; the microscopic examination of the sediment 
reveals the presence of blood-corpuscles ; un spectroscopic examination. 
the bands of oxyhwmoglobin are well seen. 

If only a small quantity of blood is present, and is uniformly mixel 
with the urine, that secretion has a characteristic reddish-brown colour. 
which clinical observers have termed ‘smoky.’ This is especially seen 
when the urine is acid. The precise cause of the smoky tint has received 
but scant attention ; it may be in some cases merely due to admixtur 
of the oxyhamoglobin and urinary pigments; more often it is dae 
to the formation of methemoglobin. Methemoglobin is generally 
formed in small quantities in acid urine which contains blood after its 
removal from the body. Tn other cases still, the pigment eceurs ina 
condition more akin to hematin! than to hemoglobin. In some ca 
very 








ittle of the blood passed, dissolves in the urine ; the most char: 
teristic spectrum which is then obtainable from the deposit is that -f 
hemochromogen.? The deposit collected on a filter is dissolved in 
rectified spirit containing ammonia 





and a drop of ammonium sulphiir 


added. The two characteristic bands of hemochromogen then appear 
(xe 





59, speetrum 9, p. 277). 
Another test for blood that may be applied is the formation +f 





ystals (p. 291), The guaiacum test is wholly untrustworthy. 
and should be altogether discarded. 

Hemoglobinuria and methemoglobinuria—The blood-pigment 
may under certain circumstances appear in the urine without the pr~ 
sence of any blood-corpuscles whatever, That this was the case #5 





* Lewin and Posner, Ceutralbl. med. Wiss, 1887, No. 20; MaeMann and Arms 
Brit. Med. Journ. ti. 1988, p. 120. 


7 MacMunn, Brit, Med. Journ, July 19, 1879. 
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first shown by Pavy. Sometimes brown masses, composed of granular 
pigment, looking like casts as they were moulded in the urinary 
tubules, are seen in these cases. This condition is produced by x 
destruction of blood-corpuscles in the circulation! ; the hemoglobin so 
liberated behaves as hemoglobin solution does when injected into the 
blood-stream, passing into the urine probably cia the Malpighian 
glomeruli. The injection of substances into the blood-stream, which 
have a solvent effect on the red corpuscles, acts in the same vay ; 
such substances are glycerin, solutions of bile-salts, distilled water, or 
the injection of the blood of one animal into that of another. The 
same result follows poisoning with arseniuretted hydrogen, hydrochloric, 
sulphuric, carbolic, and pyrogallic acids, phosphorus, potassium chlo- 
rate, éc.; and in the diseases pyemia, typhus, scurvy, fat embolism, 
after severe burns, and in some cases of jaundice there is also occa- 
sionally hemoglobinuria. 

One of the most interesting, however, of all these conditions is # 
disease known as ‘parorysmal hemoglobinuria’ ; a disease which re- 
sembles ague in the occurrence of periodical febrile attacks, but is alse 
accompanied by the presence of blood-pigment in the urine. 

‘The next question before us is, what is the condition of the blood- 
pigment in the urine in these cases? It is never free from admixture 
with methemoglobin ; but if the amount of pigment is large, oxyhi- 
moglobin is present as well. The urine in these cases is generally acid, 
but the change into methemoglobin is apparently not the result of the 
action of the urine on the pigment, but of the kidney-cells during the 
act of excretion. 

Hoppe-Seyler? and MacMunn? state that in every specimen from 
the paroxysmal form of the disease, methemoglobin is present, and 
Hoppe-Seyler hax gone so far as to say that oxyhemoglobin is always 
absent, and to suggest that the name ‘ paroxysmal methemoglobinuria * 
would be more correct. I have myself had opportunities of examining 
xeveral specimens of the urine in different fits from seven cases of the 
disease. In three of these, methemoglobin was the only pigment pre- 
sent, and the urine was brownish rel; in all these cases the total 
amount of pigment was small. Tn the other four cases, methemoglobin 
alone was present at the commencement of the attack; in a few 
hours, as the attack progressed, the quantity of pigment increased, 
and oxyhemoglobin appeared us well. The spectroscopic appear- 
ances of such a specimen, when examined in a shallow layer, are a 


4 When the destruction occurs in the portal circul 
not oceur (Hunter, Lancet, vol. ii, 188K, pp. 515, 618, 054). 
1 Physiol. Chem. p. 862. 3 Clin. Chemistry of Urine, p. 164. 
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faint band between C and D, but nearer C, due to methwmoglobin 
(fig. 59, spectrum 6), and the two typical bands of oxyhsmoglobin, 
in addition, between D and E. On adding a drop of potassion 
ferricyanide to this, the methemoglobin band becomes darker, the 
oxyhwmoglobin bands disappear, and are replaced by the two fainter 
bands, due to methemoglobin, which have approximately the same 
position as the oxyhwmoglobin bands. The urine, during this change. 
turns browner. If one adds a drop of ammonium sulphide solution! 
instead of potassium ferricyanide, the methemoglobin band fades 
the oxyhemoglobin bands get a little darker, and then are rapidly r- 
placed by the single band of reduced hemoglobin (fig. 59, spectrum 3). 

Tn one case, Neale? found oxyhemoglobin crystals in the urine. In 
some cases bile-pigments have been found, in addition to the blo: 
pigment ; in other cases they are absent! 

On boiling the urine of paroxysmal hemoglobinuria, a brow: 
coagulum is formed. This is due to the coagulation of globin, the pr- 
teid constituent of hemoglobin. In three of the cases T have examined. 
serum-albumin was present in addition, and in one of these serum 
albumin occurred in the urine at the commencement of the attack, 
previous to the appearance of blood-pigment in that secretion. 


BILE IN URINE 


Bile appears in the urine in the condition known as icterus, or 
jaundice. ‘The varieties of jaundice and their causes have been already 
described in connection with the blood (p. 311) and the bile (p. 688). 

Bile-pigments in urine give it a yreenish-yellow, or greenish-bruwn: 
colour, which in severe cases may approach black. In two cases bili 
rubin crystals have been found in the urine.§ Urine containing exes 
of urobilin may simulate icteric urine, and so the following tet: 
should always be performed :- - 

' The urine must always be examined immediately after ammonium sulphide haste 
added, for in « few minutes it becomes cloudy and opnque. 

¥ Lanect, vol. ii. 1479, p. 72! 

3 Hoppe-Seyler, Loc. cit ne, Virchows Archiv, xiv. 310; Herrmann. [+ 


Berlin, 159; Tarchanoff, Pfliger’s Archie. ix. 
n, Arch. f. Anat, und Ph 











, P. 02; Steiner, Ibid. 1873, p. 160. 
“x care in Univ. Coll. Hosp. and is recorded | 
ulerton (Lancet, ii. 1890, p. 709) is inclin 
n of hwmoglobinuria with oxaluria i 








Barton, Clin. Soc. Trans. 1890, p. 30. 
consider that the not infrequent assoc 
merely necidental. 

© Hoppe-Seyler and y. Recklinghausen noted the appearance of bilirubin crystal 
the urine of boy into whose vewselx lamb’s blood hud been transfused ; and Ebste2 
(Deutsch, Arch, klin, Med. 1878, p. 115) found similar crystals in urine which contaive! 
dlood in a case of pyonephrosis, 
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(1) Gmelin's reaction.—This test consists in pouring the urine on to the sur- 
face of some nitric acid in a test-tube ; the play of colours, green, blue, red, yellow, 
is produced at the junction of the two liquids. The test may be also performed 
on a white plate; a drop of nitric acid placed in the centre of a film of the urine 
on the plate becomes surrounded with coloured rings if bile-pigments are present. 
‘The spectroscopic appearances of these colour-changes are characteristic (p. 683), 
and may thus serve to distinguish bile in doubtful cases from other pigments which 
give certain colours with nitric acid. Ordinary urine always becomes rather 
larker on the addition of nitric acid from oxidation of its chromogens ; urine con- 
taining excess of skatoxy pigment (p. 745) becomes red; urine containing excess 
of indoxyl sulphate of potassium beeomes blue or violet from the formation of 
indigo. 

Gmelin’s test is so delicate and so perfectly characteristic that it is seldom 
necessary to separate out the pigments. This, however, may be done by Hoppe- 
Seyler's method as follows': Add milk of lime to the urine, and pass a stream of 
carbonic acid through the mixture till no farther precipitation takes place. The 
precipitate carries down with it the bile-pigment, if present, while urobilin and 
indican are left in solution. The precipitate is collected ; a little water and a 
iittle chloroform acidulated with acetic acid are added, and the mixture shaken ; 
biliverdin colours the water green, and bilirubin colours the chloroform yellow. 
Both solutions give Gmelin’s reaction. 

(2) Maréchal’s test.2—A few drops of tincture of iodine (B.P.) are carefully 
poured on to the surface of the urine in a test-tube. If bile-pigments are present 
‘@ green colour appears below the red layer of iodine tincture. If the urine is very 
dark it should be diluted with water before applying the test. 














The Bile-salts.—Vogel and Dragendorff? found 0-x gramme of these 
salts in 100 litres of normal urine. In other words, they are for prac- 
tical purposes absent from normal urine. It is also very difficult to 
letect: them in icteric urine, even if the jaundice be due to obstruction 
of the bile-duct!, This is not so difficult to understand if it be remem- 
bored that Frerichs, after injection of the bile-salts into the circula- 
tion, found only small quantities in the urine. 


It is never possible, speaking from my own experience, to detect bile-salts in 
the urine direct by means of Pettenkofer's test. They must always be separated 
‘out : 100 to 200 c.c. of the jaundiced urine are evaporated to dryness on the 
water-bath ; the residue is extracted with absolute alcohol ; the extract is filtered, 
and twelve or twenty times its bulk of ether added. This precipitates the bile 
salts; the precipitate is collected, dissolved in water, decolourised by animal 
charcoal, and then Pettenkofer’s reaction tried with this solution; a drop of 
strong solution of cane sugar is added to the solution of bile-salts in a capsule; a 








1 Physiol. Chem. p. 864. 

3 Journ. de Pharm. et de Chim. Murch 1869; ace also W. 
Med. Science, 1876, p. 452. 

3 Zeit. anal. Chem. ii. 467. 

4 Ina recent paper on this subject Baelde and Lavrand (Compt. rend. aoe. biol. v. 
629) state they found bile-acids in the urine in all cases of jaundice, but give no details 
as to method, 





smith, Dublin Journ, 
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drop of sulphuric acid is added to this, and the capsule gently warmed ; a rich 
purple colour is developed (see more fully p. 681). Excess of sugar or excess uf 
sulphuric acid must be avoided, or else a yellow brown or black colour, due to 
charring, is produced. 

‘Two additional tests may be tried with urine suspected of containing bile- 
salts: (1) a solution of acid-albumin is prepared ; a few drops of the icteric urine 
added to this; the albumin is precipitated. Trae peptone is not precipitated by 
bile-salts, as is sometimes erroneously stated. (2) Sublimed sulphur sink: in 
urine containing bile-salts, as the latter lower the surface tension of finids (Har). 


PROTEIDS IN THE URINE 


We have already seen that in health, although urine is formed 
partly by filtration processes, it is free from proteids. The condition 
sometimes called ‘physiological albuminuria’ is really pathological or 
abnormal ; the abnormal condition is, however, slight and temporary. 
If it becomes exaggerated and permanent, as in diseases of the kidnes, 
it is a most serious condition, for, besides the interference with kidney 
function, there is a constant drain of nutrient matter from the body. 

The proteids of the blood are four in number ; one of these, heme- 
globin, and its appearance in the urine have been already described ; 
another, fibrinogen, passes into the urine in only one disease, namely, 
chyluria (which see), If fibrinogen passes through the renal cells in 
Bright’s disease, it seems to be immediately converted into fibrin, form- 
ing the renal casts already mentioned. The remaining two, serum- 
albumin and serum-globulin, are these most frequently found in cass 
of albuminuria ; and, as a general rule, serum-albumin is present in 
gveater abundance than the globulin. 

Proteids are present in solution in cases of hematuria (blood in the 
urine) and pyuria (pus in the urine), and also when semen is mixed 
with the urine, In these cases very often there albuminuria in 
addition ; that is, the proteid coagulable by heat is more abundant 


than is accountable for by a small admixture with blood, pus, or 
semen. 




















Other proteids are sometimes found in the urine in addition to 
those which exist nori 





ally in blood; thus egg-albumin may be present 
after a too liberal diet of eggs. It may be distinguished from serum- 
albumin by the fact that it is precipitated by ether, while serum- 
albumin is not. Proteoses are present in some diseased condition: : 
peptone or mixtures of peptone and proteoses in others, 

So-called * physiological albuminuria. —The most marked condition 
in which this occurs is after prolonged muscular exercise. Leube! 









§ Virchow's Archiv, lyxii. 143; Iwxix.: sec wlso Mareazzi, Gaz. hebdom. 1979, No. 16 
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found albumin in the urine in 16 per cent. of soldiers after a prolonged 
march ; Chateaubourg' gives the percentage as even higher ; Oertels,* 
on the other hand, places it at 3 per cent. The tests applied in these 
cases (especially in those of Chateaubourg) were not wholly satis- 
factory, and the subject demands reinvestigation. It is, however, 
probable that vigorous muscular action, especinlly in those at all prone 
to kidney disease, may produce a temporary congestion of that organ 
and lead to temporary albuminuria. A somewhat similar condition 
sometimes occurs after the application of cold to the body,? as after 1 
cold bath. The blood is driven into the interior of the body from the 
skin, and the renal vessels are thus over-filled. In some cases, again 
derangements of the nervous system (which interfere with the vaso- 
motor-nerve regulation of the kidney vessels), and derangements of 
digestion, and anemia (which alter temporarily the composition of the 
blood), may lead to a similar temporary or functional albuminuria. 

Experimental albuminuria.—The following experimental inter- 
ferences with the kidney circulation are followed by the appearance 
of the serum-proteids in the urine :— 

(1) Pressure upon (not closure of) the renal veins‘; the pressure 
in the glomeruli is thus increased. 

(2) Closure of the renal artery, and subsequent re-establishment of 
the circulation : this is due to interference with the nutrition of the 
renal cells. 

(3) Ligature of the aorta below the one kidney, and extirpation of 
the other. Thix raises the pressure as in (1). 

(4) Ligature of the aorta above the giving off of the renal 
arteries. 

(5) Compression of, the trachen : this leads to asphyxia and the 
consequent rise in blood-pressure. 

We thus see that conditions of incrensed blood-pressure in the 
kidneys lead to albuminuria, Runeberg,® from a curious misunder- 
standing of some of his experiments, stated that lessened blood-pressure 
produced this result. His mistake was demonstrated by Gottwalt.© 

Under the heading of experimental albuminuria must also be in- 
cluded the appearance of egg-albumin in the urine after its injection 


} Recherches sur Valbuminurie phyriolagique, 184; are luo Senator, Albuminuria 
in Health and Disease, New Syd. Soc. translation, 1844; Saundby, Glasgow Med. Journ. 
June 1444 ; Ralfe, Diseaacs uf the Kidney, p. 588. 

1 Ziemasen's Handbuch der allgemein, Therapie, iv 

5 Lawnar, Arch. path. Anat. vol. xxix, 18H), 

4 Perl, Arch. f. exper. Pathol. vi. 118. 

+ Arch. d. Heilk. xviii. 1; Deutach. Arch. f. lin. Med. axiii, 41, 996. 

© Zeit. physiol. Chem. iv. 438. 
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into the vessels of animals, or after too great ingestion of eggs both 
in animals and men. 

Albuminuria in disease.—The pressure of tumours or of the pregnant 
uterus on the renal veins will cause albuminuria, as in the experiments 
just mentioned. Venous congestion in heart disease will act in the 
same way. In certain conditions of the blood, albumin appears to 
pass more readily than normally through the renal cells, and appears 
in the urine ; e.g. in anemia (this is perhaps partially explicable br 
the lessened nutrition of the renal cells) ; in the first stage of cou 
valescence from cholera, just when the blood after being viscous and 
almost at a standstill in the kidneys, is becoming more fluid again 
Phosphorus-poisoning, and the excessive use of morphia, and the 
poisons of certain diseases cause albuminuria ; this is especially seen in 
searlet fever, which may be followed in had cases by Bright's disease: 
to a less extent in typhoid, diphtheria, and pneumonia. It also may 
occur in diahetes.! 

The most frequent cause of albuminuria is, however, Bright's 
disease, in which the kidneys are actually diseased, and may even 
cease work altogether, producing uremia (p. 315). The forms of 
Bright’s disease are— : 

(a) Acute Bright's disease. Much albumin, and often blood. 

(b) Large white kidney ; a fatty degeneration of the kidney-celk. 
Much albumin as a rule. 

(c) Granular contracted kidney ; an overgrowth of connective tisue 
pressing on the renal tubules. Much urine secreted ; quantity « 
albumin smaller than in (a) and (2). 

(d) Albuminoid kidney. Albuminoid or waxy degeneration of the 
kidney substance. Quantity of urine increased; quantity of albumin 
comparatively small. 

In Bright’s disease renal casts can generally be discovered in the 
urine. The amount of albumin in urine rarely exceeds 1 per cent.: it 
may, however, rise as high as 4 per cent. (Hoppe-Seyler).? The wont 
albumin has been used, as is usual with clinical observers, as the nane 
of the proteid in urine, Tt should, however, be remembered that the 
proteid serum-globulin is near present as well. The relation 
of albumin to globulin in the blood and lymph is termed the proteit 
quotient (p. 341). If this is high or low, the proteid-quotient in the 
urine is high or low also respectively.8 The relation of albumin t 
wobulin in urine has not been much investigated, for, so far as we 
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know at present, the matter is one of mere theoretical interest. The 
practical point a physician wishes to ascertain is whether or not there 
is in the urine a proteid which is coagulated by heat. Both albumin 
and globulin are precipitated on heating the urine, the size of the 
coagulum giving a rough indication of the amount of proteid present. 

In order to ascertain whether or not serum-globulin is present, the 
urine must be neutralised, and then saturated with magnesium sul- 
phate. A precipitate indicates the presence of serum-globulin.! This 
precipitate may be collected on a filter, dissolved by the addition of 
water. The solution so formed coagulates at 75°C. The albumin 
coagulates about the same temperature, but is found, not in the preci- 
pitate produced by magnesium sulphate, but in the filtrate from which 
that precipitate has been removed.? 

When a large quantity of serum-globulin is present, the following 
test of Sir W. Roberts may be applied: A glass vessel is filled with 
water, and a few drops of the urine allowed to fall into it. Each drop 
leaves a milky trace behind it, and when a number of drops have been 
added, the water becomes opalescent. On adding acetic acid it again 
becomes clear. 

Occasionally serum-globulin is found without albumin in the 
urine ; sometimes it exceeds the serum-albumin in quantity. Usually 
the serum-albumin is in excess, Senator finds that the quantity of 
globulin is greater in waxy degeneration of the kidneys than in 
other forms of Bright’s disease? In severe organic disease of the 
kidney, and in the albuminuria that occurs in diabetes, Maguire‘ 
tinds the proportion albumin : globulin=2°5 : 1 a common one. 

In testing for these substances, the account already given of the 
proteids in Chapters X and XV should be consulted. The following 
list of tests may, however, be found useful, as it embodies all the chief 
reactions by which albuminuria is discovered. Towards these tests, 
albumin and globulin behave alike. If the urine is cloudy, it should 
be filtered first. The best and most trustworthy test is undoubtedly 
the first in the following list ; it is, moreover, the simplest. 

Proteoses in urine-An albumose was first described in urine in 
a case of osteomalacia by Bence Jones.? It has been since found in 
the urine in this disease by Kuhne® and others. Hoppe-Seyler? 


1 Some albumoves are alno precipituted by thix sult, but give certain ether special 
tent» to be mentioned later. 

7 Mr. F. Smith (Army Veterinary Department) recently pointed out to me that 
nonnal urine gives « precipitate on saturation with maynesium sulphate. What this 





te consinte of ix at present unknown; it ix not proteid in nature. 
‘oel Paton (loc. cit.) wan not able to confirm this obwervation, 
* Brit. Med. Journ. vol. ii, 1986, p. 343. 3 Phil. Trans. vol. i, 1848, p. 55. 


© Zeit. Biol. xix. 209. 7 Physiol. Chem. p. 868. 
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Test ! Reaction Remarks 





(1) Heat to 73° to! The proteid is’ If the urine is alkalineit met 








| 75° C., or boil; the top of coagulated be acidulated with a few dru 
‘a long column of urine | of weak acetic acid, either before 
in a test-tube should be | (or after boiling. ‘The precipi- 
jheated; the difference tate which is formed is insoluble 
between this and the | | in acetic acid, and can thus be 
clear urine below is then | | distinguished ‘from phosphate. 
* well seen | itric acid should not be usei 
| | in this test, as coagulated alt 
min is slightly soluble in nitri 





| acid 








| (2) Add nitric acid | The proteid is| On subsequently boiling, th 
precipitated. (Oc- | precipitate either does not 
! casionally in very | solve at all or only slightly 
i concentrated nrine 
a crystalline preci- 
| pitate of urea ni- 
i trate is produced, 
| but this is most 
! exceptional) 








= : 








(8) Heller's nitricacid A ring of white | This test is especially appli- 
test. The urine is poured precipitate at the cable to urines containing onl 
, gently on to the surface junction of thetwo |a small quantity of albumin 
! of some nitric acid in a liquids is seen 
| test-tube 








(4) Johnson’s picric A ring of white, This method of applying the 
jacid’ test. A concen- precipitate occurs | test is applicable to urines oot-' 
trated solution of picric at the junction of taining a small amount of alba- 
"acid is poured on to the the two liquids;, min. ‘The test may be also pet- 
| surface of the urine ina this increases on | formed by mixing the two re 
st-tnbe heating 





H | moses are precipitated by thiz 
reagent, but the precipitate r- 
‘ dissolves on heating 





Ye 9 ey ip as Oem ee a ayes en ee ae A 
| () Potassio-mereurie Causes a white _ ‘This reaction may also be pr 
iodide (Tanret’sre- precipitate formed in Heller's method. Thi- 
lagent') added to the ‘reaction is the most delicate «f 
| urine | the various reagents investigate! 
by a committee of the Clinical 


\ | Socicty.t It is, however, inferior 
| 1 to Heiler’s nitric-acid test, as it 
i | precipitates peptone and alli 


3 xrumme; potassium iodide, 3°32 grammes: ucetic acid 20 ¢-. 
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Test Reaction Remarks 





mose (this precipitate, however, 
redissolveson heating), alkaloids, 
und also bile-sults (these may be 
extracted from the precipitate 
by ether)! 





W. Roberts'| Causes a white 
ulated brine precipitate of the 
ce of hydro- proteid 
id toa pint of 
sodium cl 
ion) added to 








ver precipitants For convenient. bed-xide test- 
Is, eg. sodi ing these reagents are sometimes 








with or w used in the solid form. Pavy's 
+ acid, ferro- pellets consist of citric acid and 
of potassi potassium ferrocyanide, Papers 
phoric acid, previously soaked in potassio- 
seen from time mercuric iodide, potassium ferro- 
commented cyanide, sodium tungstate, and, 


lastly, pieric acid have been pro- 
pared by Dr. Oliver. The Clinical 
Society's committee report that 
of these, potassio-mereuric iodide 
papers are the best 














in several enses of atrophy of the kidneys, Lassar? in the 
people rubbed with petroleum, Oertel? in a few cases after 
ertion. Both it and peptone are found in the urine of animals 
se circulation they have been introduced.* 

rigin of this substance in the body is unknown. Virehow > 
similar substance in the red marrow in cases of osteo- 
Kiihne and Chittenden found that in elementary composition 
ose of the urine resembles hetero-globulose more closely 
+ other proteose, and suggest it may arise from serum- 





ter proteose sometimes found in the urine is deutero-pro- 
ich closely resembles peptone in its reactions, and is often 
for or inixed with peptone. It will be more appropriately 
d in connection with peptonuria. 





+, Compt, rend. soe, biol. 1M), iv. 869, Arch, path, Anat, Ixxvii, 104. 
aen's Handbuch d. Therapie, 1884, Neumeister, Zeit. Biol. xxiv. 272. 
path, Anat, iv. 309, © Zeit. Biol. xxii. 409. 
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certainty. A solution of peptone so obtained gives no precipitate 
with nitric acid, nor with copper sulphate ; it is not precipitated by 
heating ; it is precipitated by alcohol, but not coagulated by that 
reagent. It is also precipitated by tannin, potassio-mercuric iodide, 
phospho-molybdic acid, phospho-tungstic acid, and pieric acid. It 
gives a well-marked xantho-proteic reaction (yellow colour on boiling 
with nitric acid, turned orange or brown by ammonia), and biuret 
teaction (rose-red colour with copper sulphate and caustic potash). 

Martin has found that most of the so-called cases of peptonuria 
{especially in purulent diseases) are really cases of deutero-proteose in 
the urine. The following table contrasts the behaviour of these two 
substances in various reactions :— 

Deutero-albumose | Peptone 

(1) Gives no precipitate with nitric (1) Gives no precipitate with nitric 
‘acid unless a considerable amount of | acid under any circumstances, 
salt be also added. This precipitate | 
disappears on heating, and reappears 


on cooling. 
(2) Is precipitated by saturation | (2) Is not precipitated by satura- 
with ammonium sulphate. | tion with ammonium sulphate. 


In all other respects these two substances behave similarly. 


The following are the conditions in which peptonuria has been 
ddeacribed : In phosphorus-poisoning,' in suppurative diseases, and 
croupous pneumonia? (probably derived from the peptone that forms 
‘im decomposing pus and exudations, see p. 363) ; in acute rheumatism, 
typhoid fever, typhus fever, small-pox, scarlet fever, mumps, tuber- 
culosis, erysipelas, empyema (another suppurative disease), cancer of 
the liver and intestines, catarrhal jaundice, parametritis, apoplexy, «ec. 

When injected into the blood, peptone rapidly appears in the urine. When 
deutero-albuinose is injected into the blood, it appears in the urine as peptone ; 
this is seen expecially in carnivorous animals, whose urine is rich in pepsin. 
Urine rich in pepsin, however, produces no further digestive ‘ion when mixed 
with proteoses ; first, because free acid is absent, and, secondly, because many of 
the salts of the urine exert an inhibiting influence on the ferment. The change 
probably occurs in the act of secretion, where there is a momentary oveurrence of 
free acid (Neumeister *). 






The following table gives the method for separating serum- 
albumin, sérum-globulin, hetero-proteose, deutero-proteose, and peptone 
should they happen to be all present in the urine together. Such an 
occurrence is very rare; but in doubtful cases it is best to test for 
every one in the list. 


* Schultzen and Riess, Aun, d. Charité Krankheit, xv. 9. 
1 Maiangr, Prager Vierteljahrasch, 1879, p. 75. 3 Zeit. Biol. xxiv. 272. 


Sur 
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1. If the urine gives no precipitate on boiling after acidulation. albumin and gle- 
bulin are absent. If a precipitate occurs, albumin or globulin or both are prevent. 
2.-If the urine after neutralisation gives no precipitate on saturation with 
magnesium salphate, globulin and hetero-proteose are absent. If sch a preciqé- 
tate occurs, one or other is present. 

8, If the urine be saturated with ammonium sulphate and filtered, and the 
filtrate gives no xanthoproteic or biuret reaction (a large excess of potash mut 
always be added), peptone is absent. 

4. If the urine gives no precipitate on boiling after acidulation, no precipitate 
with nitric acid, and no precipitate on adding ammonium sulphate to saturatia 
peptone can be the only proteid present. Confirm this by the biuret reaction. 

5. If all proteids are present they may be separated as follows: — 

Suturate the urine (faintly acidified with acetic acid) with ammonium al- 
phate. A precipitate is produced. Filter. 





b, Filtrate 


a. Precipitate ? 
Contains peptone. 


Contains albumin, globulin, hetcro- 7 
and deutero-proteose. Collect the precipitate on a filter, wash it 
solution of ammonium sulphate, and redissolve it by adding a 
water. To this solution add ten times its volume of alvohol; a precipitate 
formed ; collect this, and let it stand in absolute alcohol for from seven to fourtees 
days, ‘Then filter off the alcohol, dry the precipitate at 40° C., extract it with 
water, and filter. An insoluble resictue is left. 











a, Residue ‘ b. Extract 
‘This consists of albumin and globn-' ‘This contains the proteoses in sx 
lin cozgulated by the alcohol. tion, 


Hctero-caseose is precipitated by heating the solution to 65° C.. or by ~atuntt- 
ing a portion of the extract with magnesium sulphate. Deutero-proteose renains 
in solution. 





‘Take another portion of urine, neutralise it, and saturate with magnesiom 
sulphate. A precipitate is produced. Filter. 
u. Precipitate i b. Filtrate 

‘This consists of globulin and hetero- ‘This contains albumin, deutero-~ 
proteose, which may be separated by  tcose, and peptone. Add alcubel <« 
the prolonged use of alcohol, as above. above; albumin is rendered in seve 
to ten days insoluble in water. Ti 
deutero-proteose and peptone are sult: 
ble, and may then be separatel 
ammonium sulphate. 





THE URINE IN DIABETES 


Diabetes insipidus is a disease in which there is a very abundant 
secretion of very watery urine, and is probably dependent on a 
derangement of the vaso-motor nerves of the kidney or their centr. 
The disease which, however, we have now -to deal with is called, in 
contradistinction to the above, diabetes mellitus, and is characteris 
by a very abundant secretion of urine! with a high specitic gravity 


' ‘The quantity in the twenty-four hours rarely falls below two litres: it muy re 
eight and even ten litres. 
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(1030 to 1050), and containing dextrose. Sugar is present in both blood 
and urine normally in traces. The excess that occurs in this disease 
in both fluids, passing from the blood into the urine probably at 
the glomeruli, is due to a disordered state of the metabolic functions 
of the liver or of the muscles.'' Injury to the floor of the fourth ven- 
tricle produced artificially in animals (Bernard *), or by disease in man, 
produces glycosuria, probably by, interference with the centre of the 
vaso-motor nerves of the liver. Complete extirpation of the pancreas 


| also produces glycosuria (see p. 663). 


Transitory glycosuria (sugar in the urine) may occur in cholera, 
ague, cerebro-spinal meningitis, liver cirrhosis, and gout. Certain 
poisons (morphia, curare, chloroform, é&c.) were said formerly to pro- 
duce glycosuria ;;we now know that the substance in the urine in 
these cases which reduces Fehling’s solution is not sugar, but gly- 
uronic acid. The presence of other substances in the urine besides 
sugar that reduce Fehling’s solution is a great source of error when 
only a small amount of reduction occurs : these substances are uric 
acid, hippuric acid, creatinine, pyrocatechin, and ylycuronic acid. 
The fermentation test is the best means of distinguishing sugar from 
these other bodies. Sugar alone is transformed into alcohol and 
carbonic acid under the influence of yeast. In addition to dextrose, 
urine may in this disease contain small quantities of inosite (p. 100), of 
Jevalose,? and in a few cases glycogen itself has been found (Leube ‘). 

Milk sugar, which occurs often in the urine of nursing mothers, is 
also apt to be mistaken for grape sugar. It undergoes the alcoholic 
fermentation slowly, and can only be distinguished with certainty 
from grape sugur by separating it out from the urine and examining 
ite properties (ser p. 757). In these cases, however, the symptoms of 
diabetes are absent. 

The quantity of grape sugar in diabetic urine is; as a rule, over 
4 per cont., rising to 7, 9, or even 12 per cent. The quantity varies 
considerably with the diet ; carbohydrate diet increases it ; the with- 
drawal of carbohydrate food, especially if combined with the adminis- 


! The reader will find an account of recent researches on thin question in Bunge’s 
Physiol. Chem. tranwlated by Wooldridge. It, however, appears to me that Bunge in 
inclined to lay too much strexs on the muscular glycogen ax a source of diabetic sugar. 
See also pp. 814 and 540 ct seq. of this book. Phloridzin diabetes referred to on p. 544 
has been the subject of weveral researches wince that page was written. The chief 
memoirs on the subject are: v. Mering, Verhanil. V. and VI. Cong. inn. Med. Zeit. 
Alin, Med. xiv. 415, xvi, 431. Moritz and Prausnitz, Zeit, Biol. xxvii. 81; Killz and 
Wright, Ibid. p. 161, 

¥ Lerons, Parin, 1855, pp. 288, 355. 

3 For referencen see p. 120; to these may be added, Kiilz, ‘On levorotatory soar in 
Zeit. Biol. xxvii. 298. 4 Virchow's Archiv, cx 
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water, as a small yield of carbonic acid is often obtained from impurities in the 
yeast. 

Another method of performing the test is to connect a flask containing the 
urine and yeast by a bent glass tube with another vessel containing lime-water ; 
the gas passes into the second flask as it comes off, and gives a precipitate of 
calcium carbonate with the lime-water. 

In order to separate grape sugar from the urine the latter is ovaporated t n 
syrup on the water-bath, and the residue extracted with absolute alcohol ; 
evaporate the extract to dryness, and once more extract with absulute alcohol ; 
‘add to this extract a solution of potash in 80 per cent. alcohol; » precipitate 
forms which after pouring off the alcohol is dissolved in water, neutralised with 
acetic acid, and precipitated with lead acetate, filtered, and the filtrate treate:! 
with sulpburetted hydrogen ; the lead sulphide is removed by filtration, and the 
filtrate contains the grape sugar, which crystallises out on evaporation, and may 
be parified by recrystallisntion (Salkowski and Leube), 

‘Another method consists in precipitating the urine with normal lead noctat 
filtering, and treating the filtrate with basic lead acetate and ammonia. Thix 
precipitates the sugar; the precipitate suspended in water in decomponed with 
sulphuretted hydrogen and filtered. ‘The filtrate is evaporated, and grape sugar 
crystallixes out (Briicke). . 

Hydrorybutyric acid in the urine.—In addition to grape sugar, diabetic ui 
may contain other substances. One of these is an acid first dixcovered in th 
urine by Minkowski,' which he found to be identical with the B-Aydrozyhutyric 
acid of Wislicenus, but differing from it in being optically active ; (ayy > = 23-1. 
Such acids are poisonous when introduced into the circulation, I quantity in 
the urine is variable; it often occurs in the urine when acetone also is present, 
and diacetic acid, a substance allied to acetone, can be formed from it. Dineetie 
acid may also be found in the urine of diabetien; its quantity and that of the 
hydroxybutsric acid vary in a parallel degre: (Wolpe?). The presence of 
acid in diabetic urine has been also observed by Kill? and hy 
methods for itt separation from urine, but we are not 1 
present acquainted with the L significance of itm appen there 

Acetone and ethyl-discetic acid in the urine: The apprurance: of these aul, 
stances in the urine is full of clinical importan 

Acetone, or dimethy! ketone (CHO). han been prepared artificially, and. ite 
chemical relation-hip to the alcohols has alrenly bern described (p. Winn 
be detected by the follow ing teat 

(1) In the pure state it forms, 
of sodium bisulphite, a talline compound Guetone ¢ aelinnm bianlphite) whieh 
separates out in -hining sales, 

(2) Lieben’s iloform teat,as mori 
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previously boiled, diacetic acid, if present, still gives the ferric-chloride reaction, 
Dut these other substances do not. Fleischer’ found that the substance which 
gives the ferric-chloride reaction in diabetic urine is not taken up by ether after 
the urine has been acidulated with sulphuric acid, whereas ethyl-diacetic acid is 
soluble in ether. Salkowski * confirmed this observation, and morcover found the 
urine after boiling did not give the ferric-cbloride reaction. These observers, there- 
fore, conclude that in most cases it ix not ethyl-diacetic acid from which acetone 
originates, but some other at present unknown, but probably related substance ; 
it may chance to be the hydroxybutyric acid already mentioned. Whatever the 
substance may be that cauxes it, the appearance of this reaction in diabetic urine 
is of grave import, often foretelling the onset of diabetic coma and death. This 
substance is, in fact, probably the poison which produces these effects. It 
appears certain that the poison is not acetone. The smell of acetone in the 
breath and urine whould always cause one to give a careful prognosis; but 
aeetone may be absent and diabetic coma ensue; and acetone may be present 
without any sign of coma, or even of diabetes. v. Jaksch' found acetone in the 
urine of healthy people in amount up to 1 centigramme in the twenty-four hours, 
It is probably a product of normal metabolism. It is increased in diabetes, but 
also in many febrile conditions, ¢.g. small-pox, typhus, pneumonia, scarlet fever, 
measles, cancer, Bright's disease, perityphlitis, strangulated heraia, kc. and in 
these conditions no diabetic coma ensues, West has confirmed v. Jaksch on most 
points. Acetone given in large doxes to animals and men. even when diabetic. 
produces no coma (Salomon and Brieger *). 














GLYCURONIC ACID IN THE URINE 


Glycuronic acid (CgH \;) is the substance which, above all others, 
is liable to be mistaken for sugar in the urine. Uric acid, creatinine, 
and hippuric acid, even when in excess in the urine, rarely produce more 
than a small amount of reduction of Fehling’s solution. But glyeuronic 
acid gives a heavy yellow or red precipitate of cuprous hydrate or 
oxide in the same way as dextrose does, It also reduces bismuth, 
silver and mercury oxides in an alkaline solution, and ix dextro- 
rotary. 

Tt occurs in normal urine in such small quantities that it may be 
considered to be practically absent. It occurs in the urine in abun- 
dance after the administration of certain poisons and drugs, such us 
chloral and butyl chloral, nitrobenzol, orthonitrotoluol, camphor, curare, 
morphia, and after chloroform narcosis. These drugs were, by the 
older observers, said to produce glycosuria ; but that sugar is absent 








Deutsch. med. Woch. 1x70, No. 1%, ? Die Lehre vom Harn, p. 397. 

3 Aw Kunsmaul suppowed (Dewtach. Arch. klin, Med. vol. xiv. 1874). Acetone wax 
firnt found in diabetic urine by Pettera, Prager Vierteljahreach. vol. Ww. 1857. 

* Acetonurie und Diacetonuric, Berlin, 1845; sce wlvo Deichmilller and Tollen, 
Ann. d. Chem, ccix. 24; Windle, Liverpool Med. Chir. Journal, Suly 1484; Saundby, 
Birmingham Med. Review, February 1885. 

+ Went, Med, Clin, Trans. xxii. 91. © Zeit. klin, Med. vi. Heft i. 
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FATS IN THE URINE 


Fats may be present in the urine under three conditions :— 

(1) When no disease of the kidneys is present. 

a. From excess of fat in the food (Bernard,' Wiener,? Seriba 3). 

b, After administration of cod-liver oil (Sir W. Roberts ‘). 

ec. In fat-embolism occurring after fractures. 

d. Tn the fatty degeneration of the liver that occurs in phosphorus- 
poisoning. 

e. In cases of long-standing suppuration, phthisis, and pywmia ; 
here doubtless fatty degeneration of the pus-cells occurs. 

J. In diabetes mellitus, when there is often a lipemic condition * 
(see p. 315). 

In all these cases the excess of fat passes into the blood, and 
thence to the kidneys. 

(2) In disease of the urinary organs. 

g. In Bright's disease ; fatty casts are often seen. 

4. In pyonephrosis (Ebstein), This comes under the same cate- 
gory as the cases included under ¢. 

(3) In a peculiar disease, which occurs in the tropics, known as 
chyluria. This is sometimes accompanied with the formation of 
tumours containing lymph, in the regions of the scrotum and thighs 
(vee p. 349), Its most marked symptom, however, is the passing of 
milky urine. It is produced by a parasitic worm called the /ilaria 
sanyuinis hominix ; this inhabits the lymphatics, especially of the 
scrotum and lower limbs. It is also found in large numbers in 
the kidneys. Not only chyle, but also blood may be found in the urine. 
In chylous urine the following abnormal constituents are found : 
Fibrinogen, serum-globulin, serum-albumin, finely divided fats, traces 
of soaps, lecithin, and cholesterin?; in fact, all the constituents of 
chyle are present.* Chylous urine usually coagulates when passed or 
deposits strands of fibrin. It is difticult to explain the occurrence of 
chyluria without supposing that a fistulous communication exists 


between the lacteals and the urinary passages ; and though sometimes 
* Lerona, Parin, v # Arch, path, Anat. ii. 
* Dentach. Zei 
* Quoted by MacMunn, Clin. Chemistry of rine, p. 203. 
3 Kohert, Diss. Halle, 180. © Deutsch, Arch. f. klin, Med, x 
7 Cholesterin has ww been found in the urine in fatty degeneration of the kidney 
(Beale, Archives of Medicine, 1857), in dinbetex and jaundice (Salixbury, Amer. Journ. 
Med. Sciences, 1463), and in the urine of an epileptic treated with potassium bromide 
(Pohl, Petersburger med. Woch. 1 W. 
* For analywex of chylous urine are Hoppe-Seyler, Physiol. Chem. p. 870; Eggel. 
Deutsch, Arch. klin. Med. vi. 421; Brieger, Zeit. physiol. Chem. iv. 407 
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a post-mortem examination has failed to reveal the presence of such, in 
other cases it has been found (Odennis and Lang,! Hensen 2). 


For the recognition and estimation of the fat, lecithin, and cholesterin, the 
same methods may be employed as have already been described in connertion 
with nervous tissue (p. 683). They are all soluble in ether; the ether ia evaporate! 
‘off, and they are found in the residue. The characteristic reactions of fats are 
described on p. 487, of lecithin p. 626, und of cholesterin p. 531. 


ALCAPTONURIA 


We have already seen that, after the administration of carbolic 
acid, gallic acid, and other aromatic compounds, the urine if alkaline 
becomes dark-brown on exposure to the air. This condition is produced 
by the oxidation of pyrocatechin, hydroquinon, pyrugallol, and similar 
substances, The same compounds probably cause a similar darkeninz 
that occurs in the urine of herbivora, the diet of these animals cuntain- 
ing a large amount of aromatic substances. 

In certain cases, the pathology of which ix not well understood. an 
excess of these same aromatic compounds appears in human urine 
without the administration of drugs ; the urine consequently, as in 9 
¢alled carboluria, darkens on exposure to the air. Cases of this kind 
were first described by Bideker,? and he called the substance alcapten. 
and the condition alcaptonuria, Gorup-Be-anez+ was the first tos 
gest that alcapton and ipyrocatechin are the same thing. Salkowsl 
and Leube, Epstein and Miiller,’ take the same view. W. (+. Swnith* 
and Preusse7 believe that, in addition to pyrocatechin, protocatechuir 
acid is largely present in these cases. Udranszky® believes that both of 
these are derived from an organic compound, which he calls a humous 
substance. In some cases examined by Kirl a 
from the urine, which he calls uroleucie acid (CjH,ys), which, accurt- 
ing to Huppert, is probably pyrogullolpropionie acid. 

It is possible that in different cases we may have different arumatic 
compounds present ; they all darken on oxidation ; and they all reduce 
Fehling’s solution, and must not be confounded with dextrose. 








ALKALOIDS IN THE URINE 


The absorption of alkaloids from the alimentary canal sometimes 
oveurs ; these are carried to the kidneys and excreted there unchanyel: 


} Virchow-Hireh, Jahreab. vol. ii. 1874, p. 674. ? Pyliiger's Archir, s. 
3 Zeit. rat. Med. 4 Lehriue 

3% Virehow's Archiv, a © Dublin Journ, Med. Sei. Jan, 1802. 
7 Zeit. physiol. Chen’ 4. * Ibid. xi. 87; xii. 88. 
Brit. Med. Journ, vol. ii, 18H, pp. 282; vol. ii, 1M. p. 1149. 
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atropine, quinine, and strychnine, and sometimes morphine, may thus, 
after their administration tu a patient, be found in his urine. 

Whether ptomaines and leucomaines, formed by putrefaction in the 
intestine, pass normally in the same way into the urine is very doubt- 
ful. If such alkaloids ax neurine and choline are thus formed, they 
are probably wholly destroyed by further putrefaction before there is 
time for absorption to take place («ee Chapter XX XV). 

In cases of disease, symptoms may be sometimes explained by 
supposing that absorption of poisonous animal alkaloids is occurring. 
That such is the case remains to be proved in most cases, 

Normal urine is free from all alkaloids, except creatinine, and the 
same ix true for most cases of morbid urine. Diamines have, however, 
been found in cases of cystinuria, cholera, and pernicious anemia, 

The toxicity of normal urine has been explained by Ponchet and 
Bouchard as due to the presence of ptomaines. Stadthagen has, 
however, shown that it is more probably due to the potassium salts the 
urine contains. 

A fuller discussion of the subject with reference to literature will 
be found in Chapter XIII. 


DIAZO-REACTION IN URINE 


The diazo-reaction, sometimes called Ehrlich’s reaction, is as 
follows : Two solutions are necessary ; (1) a concentrated solution of 
sulphanilic acid ; (2) a solution of sodium nitrite (1 in 200). 200 c.c. 
of (1) are mixed with 10 c.c. of pure hydrochloric acid and 6 c.c. of (2). 
Equal quantities of this mixture and the urine are mixed and rendered 
strongly alkaline with ammonia, A bright carmine-red colouration 
constitutes the reaction. After standing twelve to thirty-six hours, a 
deposit occurs, the upper part of which is green or black. The reaction 
is never given by healthy urine. Rutimeyer (see ‘Lancet,’ ii, 1890, 
p. 413), who has examined 260 urines, states it is of special value in 
the diagnosis of typhoid fever, as it is given by typhoid urine, but not 
in the urine from cases of intestinal catarrh. It is also given by the 
urine from cases of acute tuberculosis (due to the absorption of caseous 
matter 1) and in certain other diseases. The exact diagnostic value of 
the test is n matter for future clinical research, and a good deal of 
correspondence on the subject will be found in the medical journals. 
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CHAPTER XLV 
QUANTITATIVE ANALYSIS OF URINE 


ESTIMATION OF THE TOTAL SOLIDS 


a, The amount of total solids may be obtained approximately by calcalatio: 
from the specific gravity. The last two figures of the specific gravity are multi 
plied by 2-33 (for adults),! or by 1-66 (for children). Thus, if a man passe in 
the day 1500 c.c. of urine with a specific gravity of 1021, then 21 x 2-33-4843 
rammes in 1000 c.c , or 73-39 grammes of solids in the day's urine (1500 c.c.) 

b, A more accurate process is the following: Take 5 c.c. of urine ina weigle! 
capsule, Eyaporaite it in the receiver of an air-pump by placing the capsule over 
a dish containing concentrated sulphuric acid, After twenty-four hours place 
fresh sulphuric acid in the dish, exhaust again, and weigh after. another twemt- 
four hours. Deduct the weight of the capsule, and the remainder gives the total 
rolids in 5 c.c. of urine. 

c. A quicker process is to evaporate the urine in a weighed capsule to drynes 
over the water-buth, sind then dry the residue by placing the capsule in an ait- 
bath at 110°C, for a few hours, Cool in an exsiccator, and weigh. This meth 
is not, however, very accurate, as some of the compounds in the urine decompo 
at this temperature. 

a. In the residue the proportion of total organic to total inorganic substanes 
inay be ascertained by the processes described on p. 18. 











ESTIMATION OF ACIDITY 


a. Acidity is usually expressed in terms of oxalic acid. 

‘The following solution is necessar 

Ntandard caustic suda solution.--This contains 40 grammes of pure caustic svla 
in a litre of distilled water. This would exactly neutralise 63 grammes of pir 
cid: 1 e.c. will therefore neutralise an amount of acidity correspondinz 
gramme of oxalic acid. This solution is then diluted to ten times its 
volume with water: 1 cc. of this decinormal solution is equivalent to 00063 <r. 
of oxalic acid. 

Method. ‘Yake 50 cc. of urine in a flask, and allow the alkaline solution te 
drop into it from a burette. After every addition of alkali shake the mixtun- 
well, and test its reaction by taking out a drop on a clean glass rod, and putt 
it on litmus paper, When the reaction is such that red litmus paper is blued, a1 
blue paper reddened, the amount. used from the burette is read off. 
mount taultiplied by 0:0063 gives the amount of acidity in terms of 
Mf urine, ‘This multiplied Ly 2 gives the percentage. I 
line the amount of alkalinity can be similarly determined by 
‘al solution of oxalic acid. 







































3 is the wumber given by Haeser and Christison, 2 by Trapp, 2°2 by Loebiseh 
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b. The acidity of urine is due normally to acid phosphate of soda. The 
acidity of urine may therefore be reckoned more correctly in terms of phosphoric 
acid. The proportion of phosphoric acid combined as acid phosphate to the total 
amount of phosphoric acid present may be taken as a measure of the acidity of 
urine, and may be estimated in the following way (Huppert) :— 

The following reagents are necessary :— 

i. The reagents necessary to estimate the amount of total phosphoric acid 
(see p. 802). 

ii, Standard caustic soda solution containing 10 grammes of caustic soda in a 
litre of distilled water: 1 c.c.=0-00591 gramme of phosphoric acid (P,0,). 

iii, Standard sulphuric acid solution. ‘This contains 12-25 grammes of 
sulphuric acid (H,80,) in solution. It may be obtained by taking 7°5 c.c. of 
ordinary sulphuric acid and diluting it toa litre. It must be still a little further 
diluted until » known volame of it exactly neutralises the same volume of the 
soda solution. The amount of extra dilution which is necessary is ascertained by 
titration. 

iv. Saturated solution of barium chloride. 

v. Neutral litmus solution. 


Method.—The total phosphoric acid is first determined with uranium nitrate 
(see p. 802); 200 c.c. of urine are then taken, and rendered strongly alkaline with 
the soda solution from a burette, the quantity used being noted Call it a. 
Chloride of barium is then added till no more precipitate occurs. The liquid is 
filtered. The filtrate is coloured with neutral litmus solution. It is then 
rendered neutral with the sulphuric-acid solution dropped into it from a burette, 
the quantity used being noted. Call it 6. 

Calculation.—When the urine has been rendered alkaline in the way described 
the unsaturated phosphoric acid (i.e. that combined as ssid phosphate) com- 
bines with soda, so that phosphate of soda is formed. The barium chloride 
gives a precipitate of barium phosphate. After the removal of this by filtration 

“ the alkalinity of the fluid is determined by the sulpburic-acid solution. ‘The 
difference in the amounts of acid and alkaline fluids used will correspond to the 
amount of unsaturated phosphoric acid ; from this the quantity of acid combined 
as acid phosphate can be calculated by the following formula :— ~ 

z=quantity of phosphoric acid combined as acid phosphate ; 

a@-=quantity in grammes of phosphoric acid which is unsaturated in the urine. 

=(a—B) x 0059 

be=total quantity of phosphoric acid in urine (found by the uranium nitrate 
method) ; 

z= Aa. 
that is, one has to subtract a third of the total phosphoric acid from the 
amount of unsaturated phosphoric acid and multiply the difference by 2. 

‘The acid phosphate contains in its molecule two parts of phosphoric acid, 
while in the total phosphates there are three per molecule. One, therefore, finds 
the relation of the acid phosphate to the total phosphates in molecules by divid- 
ing the quantity of phosphoric acid combined as acid phosphate by 2, and that 
contained in the total phosphates by 3. 

Example. -200 cc, of urine taken, 

Total phosphoric acid (4) = 0-2 gramme. 

‘Another 200 c.c. taken. 30 c.c. (a) of soda solution added. 
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After filtering off the barium phosphate it was found that 9-7 c.c. (B) of the 
sulphuric acid solution were necessary to neutralise the filtrate. 


a—B=30—9:7 = 203 cc. 


Each c.c, corresponds to 0-00591 gramme of phosphoric acid. 
(a— B) x 0:00591 = 20°3 x 0:00891 = 012 gr.; 





r=2(a- wo 20:12 -%) 20108 gramme. 


The proportion of total phosphate to acid phosphates in molecules 





ESTIMATION OF CHLORIDES 


The chlorides in the urine consist of those of sodium and potassium, the latter 
only in small quantities. 

‘The method adopted for the determination of the total chlorides consists in 
their precipitation by a standard solution of silver nitrate or mercuric nitrate. 

a. Mohr's method..— Precipitation by silver nitrate. 

‘The following solutions must be prepared : 

i, Standard] silver nitrate solution. Dissolve 
nitrate in a litre (1000 c.c.) of distilled water; 1 c. 
chloride, 

ii, Sa 











075 grammes of fused silver 
.=001 gramme of sodium 









urited solution of neutral potassium chromate. 

Analysis.—-Vake 10 cc. of urine ; dilute with 100 cc. of distilled water. 

Add to this a few drops of the potassium chromate solution 

Drop into this mixture from a burette the standard silver nitrate solution : hx 
chlorine combines with the silver to form silver chloride, a white precigitate. 
When all the chlorides are so precipitated, silver chromate (red in colour) gees 
own, but not while any chloride remains in solution. The silver nitrate mos 
therefore be added until the precipitate has a pink tinge. 

Read off the quantity of standard solution used, and calculate therefru 
the quantity of sodium chloride in the 10 ce. of urine taken, and thence the 
percentage 
Sources of error and corrections.--A high-coloured urine may give rise to dit- 
culty in secing the pink tinge of the chromate of silver: this ix overcome bY 
diluting the urine more than stated in the preceding paragraph, 

1 ewe. should sways be subtracted from the total number of 
nitrate solution used, as the urine contains small quantities of ¢ 
more casily precipitable than the chromate. 

b, ‘To ubviate such sources of error the following modifications of the tev 
described by Sutton," is used : 10 cc, of urine are measured into a thin porcelain 
capsule and 1 gramme of pure ammonium nitrate added; the whole is then 
evaporated to dryness, and gradually heated over a small spirit lamp to low re 
ness till all vapours are dissipated and the residue becomes white, It is the 
dissolve! in a small quantity of water, and the carbonates produced by the com 
bustion of the organic matter neutralised by dilute acetic avid: a few grains «i 



























of the silver 
D comput 
























1 Volumetric Analysis, p. 309. 
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pare calcium carbonate to remove all free acid are then added, and one or two 
drops of potassium chromate. The mixture ix then titrated with decinormal silver 
solution (16°966 gr. of silver nitrate per litre) until the end reaction, a pink coiour, 
appears. Each c.c, of silver solution represents 0-U05837 gr. of salt ; consequently. 
if 12'5 c.c, have been used, the weight of salt in the 10c.c. of urine is 0-07296 gr., 
or 0-7296 per cent. If 5:9 c.c. of urine are taken for titration, the number of c.c. 
of silver solution used will represent the number of parts of salt per 1000 parts of 
urine. 

Pribram ' uses potassium permanganate at a boiling temperature to destroy 
organic matter instead of ammonium nitrate. Other methods for estimating 
chlorides are those of Volhard, Habel and Fernholz,? Arnold,' and Zuelzer,* but, 
none are so good when applied to urine as Mobr's. 

c. Liebig’s method.—Precipitation by mercuric nitrate. 

The following solutions must be first prepared :— 

i. Standard mercuric nitrate solution :—Dissolve 20 grammes of pare mercury 
in boiling nitric acid ; then dilute to nearly a litre. To dilute this to the right 
strength, preliminary experiments must be performed with a standard solution of 
pare sodium chloride, 20 grammes to the litre. Take 10 c.c. of the standard 
sodium chloride solution, add to this 2 cc. of a 4 per cent. solution of urea, 
and 5c.c. of a saturated solution of sodium sulphate. Into this mixture allow the 
merouric nitrate solution to flow from a burette, stirring the mixture the while. 
A precipitate forms, which redissolves on stirring; add the mercuric nitrate 
solution till a permanent precipitate (not an opalexcence) forms; the reaction is 
then complete. The strength of the mercurial solution is thax determined, and 
it is then diluted so that 20 c.c.=0-2 gramme of sodium chloride =10 c.c. of the 
standard sodium chloride solution: 1 c.c. therefore corresponds to 0-01 gramme 
of sodium chloride, or 04406059 gramme of chlorine. 

ii, Baryta mixture. —This is made by adding two volumes of barium hydrate 
solution to one of barium nitrate solution, both saturated in the cold. 

iii, Dilute nitric acid (1 in 20). 

Analysit.--Take 40 c.c, of urine. 

Add 20 c.c. of baryta mixture. Filter off the precipitate which forms, which 
consists of sulphate and phosphate of barium. 

Take 15 c.c. of the filtrate: this corresponds to 10 ¢.c. of the original urine. 

Render this slightly acid with dilate nitric acid. 

Ron in the standard mercuric nitrate solution from # burette, stirring the 
mixture well until a permanent precipitate appear. 

Read off the number of c.c, used; multiply by O01, This gives the amount of 
blorine as sodiam chloride contained in 10 cc. urine. 

Beplanation and corrections.—This est depends on the fact that when 
mercuric nitrate and sodium chloride in sulution are mixed, sodium nitrate and 
mercuric chloride, which are Loth goluble in water, are formed. It is not till all 
the chloride in the urine is so decomposed that mercuric nitrate begins to com- 
Dine with the urea present to form a permanent white precipitate. Hence the 
necessity of estimating the chlorides when using Liebig’s method for the deter- 
mination of urea. 

In order to obtain the exact point at which the precipitate becomes a per- 





























1 Zeit. anal. Chem. i: 
3 Pfliiger'n Archir, xxiii. 
3 Ber. deutch. chem. Ge. xxiii 





dn, # See Sutton's Vol. Anal. p. 810. 
4 Ibid. xxxv. 541, 
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1, Volumetric determination.—This process aiding to & given 
of the urine a standard solution of chloride of barium so Jong as a preci- 
of barium sulphate is formed. 
solutions are necessary :— 
& Standard barium chloride solution : 30% of chloride: 


teirium in a litee of distilled water; 1 cc. of this solution corresponds to 0-01 

“gramme of sulphuric acid (80,), 

i. pois a aipints sf toe 20 per cent. 

fii. Pore 

ek eae ‘This is rendered neid by 6 c.c. 
acid, and boiled. The combined sulpliates are thus converted 

ordfoary sulphates, and give a precipitate like them with barium chloride. 

“The chloride of barium solution is allowed to drop into this mixtare as long as 

precipitate occurs, the mixture being beated before every addition of barium 

‘ehioride to it. After adding 5 to 8 c.c. of the standard solution, allow the prect- 

to settle ; pipette off a few drops of the clear, supernatant finid into a watch- 

; add to it a few drops of the standard barium nitratesolution. If any pre- 

‘occurs, return the whole to the flask and add more barinm chloride; again 

the precipitate fo settle, and test as before ; go on in this way until no more: 

sulphate is formed on the addition of barium chloride, 

‘Excess of barinm chloride avust also bo avolded; when only a trace of excess 

‘is present « drop of the clear fluid removed from the task gives a cloudiness 


‘chloride has been added, and the operation must be repeated, From the quantity 
of barium chloride solution used, the percentage of sulpharic acid in the urine fs 
enlonlat ed. 

2. Gravimetric determination (ie. by welght).—This method consists in 


to a known volume of urine; 100 parts of sulphate of barium correspond with 
4°33 parts of sulphuric acid (80,). 

_ Method (Ralkowski).—100 ¢.c, of urine are taken in a beaker. This is acidified 
“with 5 0.0. of hydrochloric acid as before. 

" Ghiloride of barium Ls added till no more precipitate occurs. 

‘The precipitate is collected on a small filter of known ash, and washod with 
‘hot distilled water till no more barium chloride occurs in the filtrate, Le. until the 
‘filtrate remains clear after the addition of a fow drops of hydric sulphate. Then 
wash with hot alcohol, and afterwards with ether, Remove the filter, and place 
It with its contents in a platinam crucible, Heat toredness. Cool over sulphuric 
acid in an exsiccator; weigh, and deduct the weight of the crucible and filterash ; 
‘the remainder is the weight of barium sulphate formed. 

Error.—When the experiment is carried out as above there is a slight err 
| from: the formation of « smail quantity of sulphide of barium, This may be cor- 
\ Focted as follows: SEN EE a a eer cr ee 
| of pure miphurie acid (H,S0,). The sulphide is converted into salphate. Heat 
| again to redness to drive off excess of sulphuric acid. 

bd. The following is Salkowski’s* method of estimating the combined 
Issda that tz, he amount of 80, kn ethereal sulphates —100 oc. of arias la pibzed 
+ Zeit. physiol, Chem. x. 346. This method is a modifeation or Baumann’s original 

mothod, Foid. i. 71, 

Br2 
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ESTIMATION OF THE POTASH AND SODA 


a. Of the potash and soda together. —30 .0. of urine are mixed with 30c0, of 
ryta mixtare (two volumes of barium hydrate solution to one of barium nitrate 



















| platinum crucible of known weight, The dried residue is gently heated to drive 
‘salts of ammonia, cooled over sulphuric acld in an exsiccator, and weighed. 

weight, minus that of the crucible, is that of the total sodium and potassiam 

ined with chlorine, 

b. Of the potash alone.—Dirsolve the two chlorides obtained as above in a little 
r. Add excess of platinic chloride, and evaporate almost to dryness in a 
bath. ‘Treat the residue with 80 percent, alcohol, and allow it to stand 

hours, The sodlo-chloride of platinum alone dissolves, Collect the undis- 

solved potassio-chloride of platinum on a filter of known weight, wash with 80 

per cent. alcohol, dry at 100° C., and weigh: 100 parts of potasslo-chlorile of 
itinum correspond to 30-51 parts of chloride of potassium. From this the per- 

ntage of chloride of potaxsinm ean be calculated. 

‘The combined weight of the two chlorides, minus that of the potassium 

ride, gives the weight of the sodium chloride. 

From this the amount of potash (K,0)and scda(“a,0) can be calculated, one 

i cf chloride of potasstam correeponding 10 0-317 of potamsle urlde (KO), and 

‘part of sodic chloride corresponding to 0°5802 of weic oxide (Na,O). 


cr ESTIMATION OF LIME 
‘Lime may be estimated either by a volometric method or by a gravimetric 
ip Velametile mothol.—Tho lime is. precipitated, by oxalate of ammonia as 


‘The following reagents are necessary :— 

4, Standard hydrochloric acid solution—60 ¢.c. of hydrochloric acid are 
d nearly to w litre; it is then placed in a bnrette, and clilated until it tf 
pd that 1 c.c. of it just neutralises a solution of camstic soda containing 
O gmunmes to the litre; 1 cc. of this acid solution corresponis to 0014 gramme 
[ Hme (CaO). 

». Standart caustic soda solution ; 20 grammes to the litre. 

ii, Ammonia solution. 

Hit, Oxalate of ammonia solution. 

ty, Acetic acid. 

vy. Neutral litmus solution. 

Analyris.—Take 200 0.0, of urine. 

Add ammonia till a large precipitate occurs, Coflect and redisolve the pre- 














100 co. 96x3~288—percentage of vris ‘nol by 
Tet il a of true uric acid | oes 
close to 26-00, which was the percentage found by Leloig Sea ¥ 
ESTIMATION OF HIPPURIC ACTD 


‘The wethod of estimation consists in the preparation of pure hippurie acid 
| known quantity of urine, and weighing it, 

y peeked Binige ena Schmiedeberg).—200c cof urine are taken, Thisis rendered 

} dryness. The residue is extracted 


perature, The: 
of hippuric acid, benzoic acid, and fat, It is extracted with petroleum: 
hit petroleum); the hipparic acid alone remains undissolved, The residue of 
ric acid is dissolved {na little warm water, the solation passed through animal 
It is then evaporated to dryness on a weighed capsule at a tempern~ 
8° to 60°C. The crystals consist of hippuricacid. Weigh; the weight, 
Ubat of the capsule, is the amount of hippuric acid in 200 ce. of urine, — 


ESTIMATION OF OXALIC ACID 


‘This is n gravimetric process, the oxalic acid being weighed as oxalate of Ime, 
Method (Neubauer).— 400 to 600 cc, of urine are taken. Solution of chloride 


deposited also. Ce eel 
‘with water; then place the filter together with the ‘in hydro- 
Hc acki, and warm; the uric acid is not dissolved, the oxalate of lime is, 
“Filter off tho undissolved urle acid, wash with dilute hydrochtorie acid, and add 
“the washings to the filtrate, Neutralise this with dilute ammonia; orystals of 
‘oxalate of lime scparate ont, and are collected on a filter of known weight, 
and the quantity of oxalic acid caloulated therefrom, 100 parts of caleic 

to 70-31 parts of oxalic acid (C,H,0,). 


4 ‘Oratter the oryotals of oxalate of lime aro obtained, the 
follows (Ceapek):—Collect the crystals on a filter of known ash. wee eee 
tie acid, and then with distilled water, Tncinernte precipitate and filter 
a platinum cracible until no more weight ix lost. The oxalate is first 
d into carbonate of lime (carbonic oxide being given off), and then into 

















QUANTITATIVE ANALYSIS OF URINE Sil 


‘The oquivalent of ammonia in terms of urea must be added to the area found in 


the first portion of urine. 
Modifications.—Rantenberg* and Piliiger* hare devised modifications of Lie- 
big’ original method. Rautenberg’s method cae lao nang aa 


Hon neutral throughout by successive additions of calcium carbonate. 
method is as follows: A 2 per cent. solution of urea is prepared; 10 c¢. of this 
are placed in a beaker, and 20 o.c. of the mercuric nitrate solution are ran into it 
fn a continuous stream ; the mixture is then brought under a burette containing 
‘normal sodium carbonate, and this is added with constant agitation antil a per 
manent yellow colour appears, The volume so used is noted ss that necessary to 
nontralive the acidity produced by 20c.c. of the mercurial solution in the presence 
of ures, A plate of glass is then laid on black cloth, and some drops of a thick 
mixture of sodium bicarbonate (free from carbonate) and water placed upon it at 
‘convenient distances. The mercurial solution is added to the urine in such volume 
as is jadged appropriate, and from time to time « drop of the white mixtare is 
placed beside the bicarbonate, so as to touch but not mix completely. A point is 
at last reached when the white gives place to yellow; both drops are then rubbed 
quickly together with « glass rod, and the colour disappears; further addition of 
mercury is then made to the urine till a drop rabbed with the blearbonate remains 
permanently yellow, Now {as the time to neutralise by the addition of the normal 
sodium carbonate to near the volume found necessary in the preliminary experi- 
ment. If this is quickly done a few tenths of ac.c. of mereuric nitrate will be 
found sufficient to complete the reaction. If, however, much time has been lost, 
it may happen that, notwithstanding the mixture is distinetly acid, it gives, even 
after the addition of sodium carbonate, a permanent yellow, although no more 
mercuric nitrate be added, The analysis must be ander those circumstances re- 
peated, taking the first titration as a guide to the quantities which are necessary, 
Pliger’s correction for concentration of urea is different from Liebig’s, and is as 
follows :— 

¥'= volume of urea solution + yolume of sodium carbonate solution +volume 
of any other fluid free from urea which may be added. 

VF =volame of mercuric nitrate solution used. 

C= correction « —(V'—V*) x 0-05. 

This formula holds good for cases where the total mixture is less than three 
times the rolame of mercuric nitrate solution used; with more concentrated soli- 
tons the formula gives results too high, 

Pilger and Bleibtreu (*Pildger's Archiv,’ xliv. p. 1) have recently in @ series 
of papers introduced fresh methods of urea analysis of so complex a nature that 
‘thoy ure quite unsuitable for ordinary clinical work, 

b. The hypobromite method.—This is a far more accurate und easier method. 

The method consists in decomposing urea into water, carbonic acid, and 
nitrogen by means of an alkaline solution of hypobromite of soda; the carbonic 
acid combines with the soda, and the nitrogen which is evolved is measured, anid 
the quantity of urea therefrom calculated, There are many kinds of apparatus 
for performing this operation, bat tho best yet devised are these of Dupré* 
and Gerrard.‘ 

‘The apparatus anc reagents one requires for the determination aro as 
follows :— 

4 Ann. Chem. Pharm. cxxxiii. 06, 

* Zeit. anal. Chem. xix. 275. Pfoiffer (Zeit. Biol, xx. $40) tas made « careful 

of the different methods 

8 Dupes, Journ, of the Chem. Soc. May 1877. + Lancet, ii, 1884, p. 952, 





























QUANTITATIVE ANALYSIS OF URINE ‘813. 


Reactions and corrections —The reaction by which urea is decomposed in this 
aes daha eine laid ed 


CON.H, + 3NaBrO = CO, +N,» 2H,0+aNaBr. 


From 1 gramme of ores 0-46 gramme of nitrogen = 3727 cc, are obtained. 
Tn practice, however, it is found that only 854°3 c.c. are obtained,' except in 
diabetic urine, in which the urea yields nearly the normal amount of nitrogen. 
Moreover, nrine contains small quantities of creatinine and urates, which yield 
some of their nitrogen when acted on by sodic bypobromite. When great 
‘exactitude is required these must be remored—ereatinine by an aleoholic solution 
of zinc chloride, and the urates by acetate of lead followed by sodic phosphate 
(Yvon), 
Sc.c, of a 2 por cont, solution of urea in urine yleld 354 ec. of nitrogen. 
enrenay Sane as representing 2 per cent. of urea, and serves ax a basis for 
the graduations of the tubes whieh ne 
marked in percentages. 
"When very great exactitude is re- 
quired the quantity of nitrogen must be 
measured in cubic centimetres, and the 
volume obtained corrected for tempera- 
‘ture, pressure, and tension of aqueous 
‘vapour by the formula given on p. 35. 

Method 2 (Gerrard).—In the metho 
the bypobromite solution is prepared ax 
before, and introduces into the bottie, « 
(fig. 101). A stout test-tabe containing 
% cc. of urine is carefally lowered by 
forceps into this. 

By means of the short tube, ¢, the long 
graduated one is filled with water ap to 
‘the zer mark. « is now connected to 
‘this latter tube by indiarabler 
‘asin Dopré’s apparatus, The wi 
ite are mixed by tilting 
bottle, #; the nitrogen comes off, und 
fs measured in percentages of urea by 
the gmdaations on the tube, 0. After 
‘waiting ten minutesto allow the tempera? ¥il—Klerranit» Uren Appiratiig, 
ture of the apparatus and the contained gas to reach that of the atmosphere, the 
‘water in the two tubes i+ brought to the same level by lowering the tubs, ¢; the 
reading is thea marle, and correctell, if necessary, for temperature, pressure, 
‘tension of aqueous vapour as before, 












ESTIMATION OF CREATININE 


The crystalline compoun! which creatinine forms with zine chloride is 
in estimating the quantity of creatinine in urine, 100 the 
correnpordlings to ip ata of Greatinine: 














QUANTITATIVE ANAL 





‘IS OF URINE 815 


Another modification introduced by Gerrard is the invention of a percentage 
glycosometer.’ This is designed to save time in calculation, and is of especial 
service to the clinical observer. 

The instrament consists of a pair of burettes (fig. 102) clasped by a pair of 
swinging arms supported on an upright brass stand; the swinging arrangement 
allows the burettes to be moved at will, and to be brought over a dish containing 





Pio, 102. Fro, 103. 


Fehbling’s solution. Fig. 103 shows the burettes on an enlarged scale. They are 
graduated not in c.c., but in percentages of sugur, for urine which has been diluted 
to twenty times its volume before placing it in the burettes. The method of 
graduation is very simple, and will be found fully explained in the article quoted. 
‘The narrow burette indicates high, the wide one low percentages, the total range 
of the two being from 1 to 10 per cent. In performing the analysis both 
burettes are filled with the diluted urine; this is delivered into the boiling 
Fehling’s solution (10 c.c. diluted with 50 c.c. of water), first from the small and 
then, if necessary, from the large burette till all blue colour has gone. Read the 
quantity used in percentages of sugar. Should any urine contain more than 
10 per cent. of sugar, let one volume be diluted to 40 with water, proceed as 
before, and to get the real percentage multiply by 2. 

Knapp's, Sachsse's, Vogel's, and Johnson's method way also be used for the esti- 
mation of sugar in urine (sce p. 99). 


ESTIMATION OF PROTEIDS 


8. For acourate analyses of total proteids the methods described on pp. 126, 
187 should be used; of these that numbered 2 ix, in my own experience, the best. 
b. For the estimation of proteids when albumin and globulin are the only 





vol L 1000, p. 15, Made by Gibbs, Cazeon, and Co., Wednesbury. 
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ESTIMATION OF FAT 


20 to 30 c.c. of urine are evaporated to dryness in a water-bath. The residue 
is dried at 110°. This is then extracted with ether for some time. This is 
poured off, and fresh ether added as long as it takes anything up. The ethereal 
extracts are then evaporated in a glass tube of known weight, at a low tempera- 
ture, and the residue is calculated as fat. 

When pus occurs in the urine or in chyluria the ether takes up not only fat, 
but also lecithin and cholesterin. The relative amounts of thexe constituents may 
be estimated as described on p. 583. 


ESTIMATION OF PHENOL (CARBOLIC ACID)! 


100 c.c. of urine are concentrated on a water-bith to a fifth part of that 
volume. 

Concentrated sulphuric acid is then added in such a quantity that the liquid 
contains 6 per cent. of sulphuric acid. 

Distil till the distillate is not rendered cloudy by the addition of bromine 
water. The distillate is filtered if necessary, and coloured a permanent light 
yellow with bromine water. 

The mixture is allowed to remain two or three days at a moderate tempera 
ture. A precipitate of tribromophenol (C,H,Br,0H) forms, and is collected on a 
weighed filter, washed with water, and dried in an exsiccator over sulphuric acid 
to constant weight. 

100 parts of tribromophenol correspond to 28:4 parts of phenol. This method 
ix only approximate; the sources of fallacy have been pointed ont by Haldane? 
(sce alvo p. 742). 








4 Zeit. klin, Med. vol. ii, 1881, p. 465. 2 Journal of Physiol. ix. 218. 
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CHAPTER XLVI 
THE SECRETIONS OF THE SKIN AND ALLIED STRUCTURES 


Tne secretions of the skin are two in number—the sweat, secreted in 
the coil of the sweat-glunds, and the sebum, secreted by the sebaceous 
glands that surround the hairs. 


THE SWEAT 


Physiology of the secretion of sweat——The sweat-glands ar 
situated in the true skin ; their ducts pass through the epidermis and 
open on the surface. They are most abundant in man on the palms 
and soles, and here the greatest amount of perspiration occurs. Ditfer 
ent animals vary a good deal in the amount of sweat they secrete. ani 
in the place where the secretion is most abundant. Thus the ox per- 
spires less than the horse and sheep ; perspiration is absent from rats, 
rabbits, and goats ; pigs perspire mostly on the snout ; dogs and cats 
on the pads of the feet. 

As long as the secretion is small in amount, it is evaporated from 
the surface at once ; this is called insensible perspiration. As soon ar 
the secretion is increased or evaporation prevented, drops appear on 
the surface of the skin. Thi: known as sensible perspiration. The 
relation of these two varies with the temperature of the air, the drier 
and hotter the air, the greater being the proportion of insensible 
sensible perspiration. In round numbers the total amount of sweat 
secreted by a man is two pounds in the twenty-four hours. 

The amount of secretion is influenced by two sets of nerves: 
(1) the vaso-motor nerves; an increase in the size of the skin 
vessels, leading to increased, a constriction of the vessels to dimin- 
ished perspiration. There are also special secretory fibres (Goltz, 
Kendall and Luchsinger?), stimulation of which causes a secretion 
even when the circulation is suspended, as in a recently amputated 
limb, These fibres appear to be contained in the same nerve-trunks 
as the vaso-inotor nerves, as are also the nerve-fibres which supply the 
plain muscular fibres of the sweat-glands which aid in the exp 
sion of the secretion. The seeretory nerves for the lower limb. ar 

















© Pphager's Archiv, si 71 * [bid xiii. 212 
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contained in the sciatic, and are controlled by a centre in the upper 
Jambar region of the cord ; those for the upper limbs lie in the ulnar 
and median nerves, controlled by a centre in the cervical enlargement 
of the cord. The secretory fibres for the head pass in the cervical 
sympathetic, and in some branches of the fifth cranial nerves. These 
subsidiary centres are dominated by one in the medulla oblongata 
(Adamkiewicz). These facts have been obtained by experiments on 
animals (cat, horse). Direct stimulation of the skin causes an increase 
of sweat, generally bilateral. 

‘The sweat-centres may be excited directly by venous blood, as in 
asphyxia ; or by over-heated blood (over 45° C.), by certain drugs (see 
further) ; or reflexly by stimulation of the crural and peroneal nerves, 
‘or by pungent substances in the mouth, like mustard, 

Nervous diseases are often accompanied with disordered sweating ; 
thus unilateral perspiration is seen in some cases of hemiplegia ; de- 

_ generation of the anterior nerve-cells of the cord may cause stoppage 
of the secretion. It is sometimes increased in paralysed limbs. 

The changes that occur in the secreting cells have been investigated 
hy Renaut in the horse. When charged they are clear and swollen, 
the nucleus being situated near their attached ends ; when discharged 
they are smaller, granular, and their nucleus is more central. 

‘The sweat, like the urine, must be regarded as an excretion, the 
seoreting cells eliminating substances formed elsewhere. 

Composition of the sweat.—Sweat may Ix obtained in abundant 
quantities by placing the animal or man in a closed hot-air bath, or 
from a limb by enclosing it in a vessel made air-tight with an elastic 
hhandage. Thus obtained it is mixed with epidermal scales and a 
small quantity of fatty matter from the sebaceous glands. The con- 
tinual shedding of epidermal scales is in reality an excretion. Keratin, 

| of which they are chiefly composed, is rich in sulphur, and, conse- 
quently, this is one means by which sulphur is removed from the 








Observers differ as to the reaction of sweat ; some say it is alka- 
Hine or neutral, the acidity sometimes observed being due to admixture 
with fatty acids from the sebaceous glands, Hoppe-Seyler! states, 
however, most positively that the normal reaction is acid, and that 
the acidity as in the urine is due to acid sodium phosphate. Tn pro- 
fuse sweating, however, the secretion uxually becomes alkaline or 
neutral? It has a peculiar and characteristic odour, which varies in 


1 Physiol. Chem. p, 708. 
2 For instance alter pilocarpis (Trumpy aud Luchsinger, Pfiger's drehiv, xvill. 494). 
go2 
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Some substances introduced into the body reappear in the sweat, 
e.g. benzoic, tartaric, and succinic acids readily, quinine and fodine 
‘with more difficulty (Schottin). Compounds of arsenic and mercury 
behave similarly (Bergeron and Lamattre '). 

Dieeaees.— Cystin has been found in some cases (Gamgee and 
Dewar); dextrose in diabetic patients (Semmola, Griessinger, Koch, 
Kiilz,* and many others) ; bile-pigment in those with jaundice (as 
evidenced by the staining of the clothes); indigo in a peculiar condi- 
tion known as chromidrosis (Bizio,! Hoffmann) ; blood or hematin 
derivatives in red sweat ; albumin in the sweat of acute rheumatism, 
which is often very acid ; urates and calcium oxalate in gout ; lactic 
acid in puerperal fever, and occasionally in rickets and serofula, 

Kidney diseases.—The relation of the secretion of the skin to that 
of the kidneys is a very close one. Thus copious secretions of urine, or 
watery evacuations from the alimentary canal, coincide with dryness 
of the skin; abundant perspiration and scanty urine generally go 
together. In the condition known as uremia, when the kidneys 
secrete little or no urine, the percentage of urea rises in the sweat ; 
the sputa and the saliva also contain urea under those circamstances. 
‘The clear indication for the physician in such cases is to stimulate the 
skin to action by hot-air baths and pilocarpine, and the alimentary 
canal by means of purgatives. 

Varnishing the skin. —By covering the skin of such an animal as a 
rabbit with an impermeable varnish, the temperature is reduced, a 
peculiar train of symptoms set up, and ultimately the animal dies. 
Tf, however, cooling be prevented by keeping such an animal in warm 
eotton-wool, it lives longer. Varnishing the human skin does not 
seem to be dangerous.’ Many explanations have been offered to 
explain the peculiar condition observed in animals ; retention of the 
sweat would hardly do it; the blood is not found post mortem to 
contain any abnormal substance, nor is it poisonous when transfused 
into another animal. Cutancous respiration is so slight in mammals 
(p. 394) that stoppage of this function cannot be supposed to cause 
death. The animal, in fact, dies of cold; the normal function of the 
skin in regulating temperature is interfered with by injury to its 
vaso-motor nerves, and it is only animals with delicate skins which are 
thus affected. (Ser Animal Heat, Chapter XLVIIL) 





4 Central. med. Wiss. 164, p 636. 1 Journ of Amut. and Physiol. ©, 142, 
* Tert-book on Diabetes, Marburg, vol. i. 1875, p. 196, 
4 Wien. Akad. Siteonge. xxix. #8. ° Wier. med. Wook. 1878, p. 272, 


© Laschkewitech, Arch. f. Anat. u. Phyriol, 1868, p. OL. 
7 Senator, Virchow's Arch. Ixx. 182. 
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different kinds of sheep from 7 to 34 per cent. Among the solids are cholesterin 
and an isomeride of cholesterin, called iso-cholesterin. There is a third alcohol 
of high molecular weight, which has not been obtained pure. Carius' described 
@ compound, which he called hysnic acid (C,,H,,0,), which may be a derivative 
of this alcohol. 

The secretion of the coocygeal glands of birds hax been analysed by dle Jonge?; 
he finds it contains 40 per cent. of solids, of which about 15 consist of proteids 
and nuclein, 19 to 24 of substances soluble in ether, and small quantities of other 
organic substances and inorganic salts. The proteids are casein and albumin, 
‘The substances soluble in ether are chiefly fatty acid (especially oleic acid) com- 
pounds, not of glycerin, but of cetyl alcohol; there is also a trace of lecithin. 
This secretion is used for the lubrication of the feathers. ‘he glands are absent 
in the running birds, and are most highly developed in water-fowl. 

The fatty scoretion of the skin of the salamander contains, in addition to fat, pro- 
teid, lecithin, and cholesterin,an alkaloid with formula C,,HN,O,(Zalesky*). The 
secretion of the skin of most amphibia is a watery one, and appears to be more 
akin to sweat than sebum. The glands are in structure, however, very different 
from sweat-glands. The secretion itself has never been thoroughly examined. 

Cerumen.—The wax formed in the external auditory meatus appears to be a 
mixture of sweat and a secretion from certain glands similar in structure to 
sebaceous glands, Petrequin and Chevalier ‘ find it contains 10 to 11 per cent. of 

26 to 80 per cent. of fat, 40 to 50 per cent. of potassium soaps, and traces 
of inorganic salts. Its reddish pigment has not been examined. 

The secretion of the Meibomian glands of elid, which are similar in struc- 
ture to the sebaceous glands, and also thai he sebaceous glands round the 
eyelashes, become mixed. That of the Meibomian glands appears to be the less 
watery secretion of the two. 

Tears, the secretion of the lacrymal glands, have been but little investigated. 
‘The secretion ix more akin to saliva than to that of any other glands; and the 
lacrymal gland is in structure like a salivary gland. It is, however, convenient to 
mention them in this place. Stimulation of the fifth cranial nerve produces a 
clear, that of the sympathetic a cloudy, morg alkaline secretion (compare 
Salivary Glands, p. 617). Lerch found in 1000 parts by weight of tears 980 parts 
of water, 13 of sodium chloride, and.5 of proteids. The chief proteid appears to 
be a globulin, as when dropped into water the tears give a clondy precipitate. 











ta 
* Zeit. physiol. Chem. iii, 925. 
3 Hoppe-Heyler’s Med. chem. Unters, Helt i. p. 109. 
4 Compt. rend. Ixvi jo. 16; Ixix. No. 19. 
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CHAPTER XLVIL 
EXCHANGE OF MATERIAL 


word inetabolism has been often employed in the preceding 
and, as there explained, it is used to express the sum total 
the chemical exchanges that occur in living tissues. The chemical 
have been considered separately under the headings Alimenta- 
Excretion, Respiration, éc. We have now to put our knowledge 
and consider these subjects in their relation to one another, 
The living body is always giving off by the lungs, kidneys, and 
in the products of its combustion, and is thus always tending to lose 
weight. This loss is compensated for by the intake of food, and of 
oxygen. For the material it loses, it receives in exchange fresh 
Ti, a8 in a normal adult, the income is exactly equal to 
expenditure, the body-weight remains constant. If, as in a grow- 
child, the income exceeds the expenditure, the body gains weight; 
“and if, a3 in febrile conditions, or during starvation, the expenditure 
is the income, the body wastes. 
‘The first act in the many steps which constitute metabolism is 
‘the taking of food, the next digestion of that food, the third 
absorption, and the fourth assimilation, Food, diet, digestion, and 
absorption have already been dealt with, and it ix only necesury to 
refer the reader to the chapters where these are described, In con- 
tnection with these subjects, it is important to note the necessity for 
a mixed dict, and the relative and absolute quantities of the various 
proximate principles which are most advantageous. Assimilation iy a 
| subject which ix exceedingly difficult to describe ; it is the act of the 
_ living tissues in selecting, appropriating, and making part of themselves 
the substances brought to them by the nutrient blood-stream from 
the lungs on the one hand, and the alimentary canal on the other, 
‘The chemical processes involved in some of these transactions have 
teen already dwelt on in connection with the functions of the liver 
and other secreting organs, but even there our information on the 
subject is limited; much more is this the case in connection with 
‘other tissues. The interusting theory of Pfliger, in connection with 
the behaviour of the nitrogen in « food-proteid when it becomes part 
of a living proteid, should be read also in this connection (p. 115). 
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of the animal body and those of « commercial company. At 
end of the year the company presents a report in which its income 
its expenditure are contrasted on two sides of a balance-sheet. 
sheet is a summary of tle monetary affairs of the undertaking ; 
gives few details, it gives none of the intermediate steps of the 
in which the property has been employed. This is given in 
preliminary parts of the report, or may be entered into by still 
examining the books of the company. 
Tn the parts of this book that precede this chapter T hiave en- 
red to give an account of the various transactions that 
in the body. I now propose to wind up by presenting a 
balance-sheet. Those who wish still further to investigate the affairs 
‘of the body may do so by the careful study of works on physiology ; 
still, text-books and monographs, however good, will teach one only 
# small amount; the rest is to be learnt by practical study and 
research ; and we may compare physiologists to the accountants of a 
“commercial enterprise, who examine into the details of its working. 
Sometimes, in business undertakings, a deficit or some other error is 
_ discovered, and it may be that the source of the mistake is only found 
_ after careful search. Under these conditions, the accountants should 
_ be compared to physicians, who discover that something is wrong in the 
working of the animal body ; and their object should be to discover 
where, in the metabolic cycle, the mistake has occurred, and subse- 
| te sald de 
f ‘The construction of balance-sheets for the human and animal body 
may be summed up in the German word Stoffivechsel, or, as Dr. Burdon- 
Sanderson | translates it, ‘exchange of material’ A large number of 
"investigators have applied themselves to this task, and from the large 
mass of material published, I shall only be able to select a few typical 
| examples. The subject has been worked out specially by the Munich 
achool, under the lead of Pettenkofer and Voit. 
| ‘The necessary data for the construction of such tables are >— 
(1) The weight of the animal before, during, and after the experi- 
ment. 
(2) The quantity and composition of its food. 
| (3) The amount of oxygen absorbed during respiration. 
(4) The quantity and composition of urine, fwces, sweat, and ex- 
air, 
















(5) The amount of work done, and the amount of heat developed. 
(The subject of animal heat will be considered in « separate chapter.) 
Water is determined by subtracting the amount of water in« 
* Spllabws of Lectures, 187%, 
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560 grammes of the oxygen are discharged in the carbonic acid, about 
9 in urea, and 97 grammes in the form of water (of which 78 grammes 
are formed from the hydrogen of the fat); the respiratory quotient ix 
then 0°84. In hibernation the respiratory quotient sinks lower than 
in any other known condition (often less than 0°5), for the animal then 
lives almost entirely on its own fat. The discharge of carbonic acid is 
increased by muscular work, and the respiratory quotient also rises. 
Diminution of the surrounding temperature causes increased discharge 
of carbonic acid. (These points are all discussed more fully in Chapter 
XIX.) 


. The Discharge of Nitrogen 


In man the minimum daily allowance of nitrogen is 15 granmnes, 
or 0°02 per cent. of the body-weight : in the carnivora about 0:1 per 
cent. ; in the ox, as an instance of a herbivorous animal, 0-005 per 
cent. In certain races of mankind (e.g. coolies) the nitrogen require- 
ment is less than in Europeans. The reason why this is so is not 
understood. The bearing of this fact on vegetarianism is pointed out 
in the chapter on food (p. 599). 

Some recent experiments by Hirschfeld! have shown that for a 
short time nitrogenous equilibrium can be maintained on a smaller 
daily supply of nitrogen than 15 grammes. Experiments extended 
over a longer time have previous to this shown that sooner or later 
the body begins to waste if the 15 grammes daily are not supplied in 
the food. 

In an animal fed exclusively on flesh the discharge of nitrogen at 
first increases pari passw with the absorption of proteid, the absorption 
of oxygen being proportionately increased at the same time. The 
animal, however, gains weight from increase of fat, the proteid being 
split into what is called a nitrogenous moiety, which is burnt off, and 
a non-nitrogenous moiety which is converted into fat. 

The discharge of nitrogen is hut little influenced by muscular work 
(«re p. 436) ; the increased combustion that occurs in working as com 
pored with resting muscles falls on their non-nitrogenous constituents. 
The questions of the nutritive value of gelatin, the origin of fat from 
proteids and carbohydrates, and the conditions of nitrogenous discharge 
in starvation, fever, and other disordered conditions will be dealt with 
later in special sections. 





1 Paliiger's Archiv, xi. 588. 
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Balance of Income and Discharge in Health 


In Chapter XX VII (p. 604) tables are given of adequate diets ; these 
will in our balance-sheets represent the source of income ; the other 
side of the balance-sheet the expenditure consists of the excretions, 
Exchange of material on an adequate dict (Ranke’s table).) 














4 Income Rxpenditure 
f 
ae =I 
ae oe 
| Proteid, 100gr. | 156 gr.| 53-0gr.) Urea, 31° gr. . | r 
' Fat, 100, | 00 79°0 ,, | Uric acid. 4 \ 14 616 


rr 10-8 


C'rb‘hyd’at’s,250 ,, | 0-0 ,. Feces. * a 
t , Respiration (CO,) . 00 208-00 





f . 165 | 22500 


In man the discharge of nitrogen per kilo. of body-weight is 0-21 
gramme, and of carbon 3:03 grammes, the quotient =45. In 


carnivorous animals, which, according to Bidder and Schmidt, use 1-4 
c 


Nand 6:2 C per kilo. per diem, 44. Inthe human being on a 








flesh diet c 2, the exchange thus approaching the condition of the 


carnivora. This is illustrated by the following balance-sheet (Ranke): 





i Income Expemtiture 





Nitrogen | Carbon jj 











| 
. | 

- i 
| 


Food . | 628er, 2796 || Discharged by ex- 
Disintegration of I cretion. 
tissues. 


| Retained in store i 











The details of the above experiment may be given as illustrating the method 
of working out a problem in exchange of material: 1832 grammex of meat used s 
food yielded 3:4 per cent, of nitrogen, i.e. 62°3 gr., and 125 per cent. of carbon, 
ie. 229°3 gr.; 70 gr. of fat added to the food yielded 72 per cent. of carbon, ie. 








1 "The above table was constructed from data derived from the observations of Pro 
Ranke on himself. For it I am indebted to Prof. Sanderson's Syllabus of Lectures, 
which is also the source of most of the statements in the résumé of the chief facts relating 
to the discharge of carbon and nitrogen just given. 
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50°3 gr.: 229'3450:3=279-6—total carbon in food. During the same period 
86:3 gr.of urea wore discharged, containing 46°6 per cent., i.e. 40-4 gr. of nitrogen, 
and 20 per cent., i.e. 17-3 gr. of carbon, to which must be added 2 gr. of uric acid, 
+ containing 33 per cent., ie. 0-66 gr. of nitrogen, and 35 per cent., i.e. 0-7 gr. of 
carbon. Further, 2-9 gr. of nitrogen und 14 gr. of carbon were discharged in the 
frecex, and 231 gr. of carbon as carbonic acid in the expired air. Hence the total 
discharge of nitrogen =404+0°66+29=44 gr., and the total discharge of 
carbon = 173 +0-7 + 14+231=263 gr. Deducting the quantity of nitrogen dis- 
charged from that taken in, 183 gr. must have been retained in the body, ax 
108 gr. of proteid, and consequently 53 per cent. of that weight = 62-5 gr. of carbon. 
were also retained. Comparing the quantity of carbon disposed of in the twenty- 
four hours with the quantity introduced as food, we find the latter is in excess 
by 45-9 gr., which must have been derived from the disintegration of the fat of 
the bod 
















Another table of exchange of material on adequate diet may be 
quoted from the work of Pettenkofer and Voit. This takes into 
account the elimination of water as well as of carbon and nitrogen. In 
the first experiment the man did no work. 











bs 
Expenditure 
1 
Water 
hoe | 
Proteid, 137 gr 127 189 | 
Fat, 17, 145, 83 
Carbohydrate, 352 5, 2486 | 828 
Water, 2016 zo 


2158 | 2190 
! 





jum, and it eliminated 





Here the body was in nitrogenous equili 
more water than it took in by 174 grammes, this being derived from 
oxidation of hydrogen. It stored 39:7 grammes of carbon, which is 
equivalent to 52 grammes of fat. 

The next table gives the results of an experiment on the same 
man on the same diet, but who did active muscular work during the 


day :— 








peetitare Nitrogen Carton Water 
Urine 200. 0. Tt 126 1194 
Fuces 5 0. 21 MW 94 
Lungs 2. 309-2 1412 


33 2700 





It is important to notice that the discharge of nitrogen was 
unaltered, while that of both carbon and hydrogen was increased, 
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Inanition 


The conditions of metabolism, both as regards exchange of material 
and the production of heat during starvation, have been investigated 
in animals by Collard de Martigny,' Chossat,? C. Schmidt,? Schuchardt,' 
Frerichs,’ Bischoff and Voit* ; in human beings by Pettenkofer ani 
Voit,’ J. Ranke,® Schultzen,® Seegen,!° Falck,'' and Schimanski.' 

The income from without is, under these circumstances, ni: 
expenditure still goes on, as a result of the disintegration of the 
tissues ; the amount of disintegration is measured by the discharges in 
the manner already described. The following table from Ranke: 
experiment on himself represents the exchange for a period of twenty: 
four hours, twenty-four hours having elapsed since the last meal. 





| Income Expenditure 








1840 a 
7 


| 180 


Disintegration of tisme | Nitrogen | Carbon * Exeretions | Nerogen Caro 
ae cel a pees S 
Proteid, 60gr.. .| 78 | 266 | Ureai7er . . 1) 29 ” 
Fat, 1996 gr. . .! 00 | 1575 | Uricacid.O2er. .|f ‘ 
-  — | —— | Respiration (CO,) .| 00 1806 
78 | 





The discharge of nitrogen per kilo. of body-weight was reduced te 


01, © being 235. In carnivorous animals: in prolonged inanition, the 


discharge of nitrogen per kilo. is 0-9, and < =66. 


During starvation the man or animal gradually loses weight, tt 
temperature, after a preliminary rise, sinks ; the functions get weaker 
by degrees, and ultimately death ensues, the total weight lost beius 
from 0-3 to 0-5 of the original body-weight. 

The age of the animal influences the time at which death occun, 
old animals withstanding the effects of hunger better than young ons 





1 Journ. de ph xpérim. et path. vol. viii. 1828, p. 158. 

2 ‘Recherches sur V'inanition,' Mém. de U Acad. Roy. dea Sciences, vol. viii. Paris.14! 

5 Bidder and Schmidt, Die Ferduuungesifte und der Stoffwechecl, Mitau oi 
Leipzig, 1852, p. 293. 

4 Diss. Marburg, 1847. 8 Arch. filr Anat. u. Physiol. 144% p49 

© Bischoff and Voit, Die Genctze der Ernirung des Fleischfressers, Teipsic + 
Heidelberg, 1960, p. 42; Zeit, Biol. ii, 307; v, 869. 

1 Inia. 8 Arch. f. Anat. u. Physivl. 1462, p. 201 

® Thid. 1808, p. 31, 10 Wien. Akad. Sitzungsh, March 16.1971 

1M. Beitrage ur Physiol. Hygiene, ce. vol. i. Stuttgart, 1875. 

1 Zeit. physiol. Chem. iii, 396. 
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This statement was originally made by Hippocrates, and was borne 
out by the experiments of Martigny and Chossat. Young animals lose 
weight more quickly, and die after a smaller loss of weight, than old ones. 

The excretion of nitrogen falls quickly at the commencement of an 
experiment ; it reaches a minimum which remains constant for several 
days ; it then rises when the fat of the animal has been used up, and 
then quickly falls with the onset of symptoms of approaching death 
(Voit, Falck, Schmidt, Schimanski). 

The sulphates and phosphates in the urine show approximately the 
same series of changes (Bidder and Schmidt). 

The discharge of carbonic acid and the intake of oxygen fall, but 
not #0 quickly as the body loses weight ; it is not until quite the last 
stages that these are small in proportion to one another. 

The feces become smaller and smaller in quantity until no dis- 
charge from the rectum occurs at all. 

The amount of bile secreted also falls ; but bile is found in the gall- 
Dladder and intestine after death. 

Chossat, Schuchardt, Schmidt, and Voit have constructed tables 
which show the loss of weight that occurs in different organs. Taking 


the total loss of weight as 100, the loss due to that of individual organs 
may be stated as follows (Voit) :— 


Bone... 54) Pancreas =. =.) O'1 Brainandcord .—'l 
Muscle. . . 422 Lungs. . . 08 Skinandhair . #8 
Liver .  . . 48)Heart. . . 00 Fat. .  . 262 
Kidneys .  . 06 Testes. . . OL Blood . . . 87 
Spleen. . . 06 “Intestine =. . 20, Otherparts . . 5 


Some organs thus lose but little weight ; the loss of weight is 
greatest in the muscles, fat, skin, liver, and blood. Of the muscles, 
the great pectorals waste most (Chossat). Demant! found an increase 
of creatine and a diminution of lactic acid in the muscles of starving 
birds. 


The following are Chossat’s observations on the body-temperature 
in pigeons :— 





‘Temperature 
Condition of animale Stas a 


‘ 
| Mila | Midnight 
oe 





Healthy pigeons. | 


Ast third of starvation period 











+ Zeit. physiol. Chem. vii. 981. 
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There is thus the greatest fall of temperature iri the night—that 
is, when even under normal circumstances the temperature and the 
vitality of the body are least. The frequency of respiration and the 
discharge of carbonic acid run parallel to the temperature. Falck 
obtained a similar result in dogs. Death may be delayed somewhat 
by artificial warmth, but ultimately occurs from asthenia, sometime 
accompanied by convulsions. 


Exchange of Material with various Diets 


The reasons why a mixed diet is necessary have been alread 
explained (p. 602). Numerous experiments have, however, been made 
in the study of metabolism on abnormal die 





Feeding with meat—The chicf facts concerning this form of nutrition in 
regard to man have been stated on p. 603. The same is in the main tree ‘ar 
animals. ‘The principle that underlies Banting’s method of treating obesity is to 
give meat almost exclusively: the individual then derives the additional supply 
of carbon necessary for combustion from his own adipose tissue. We hare 
already seen that this may be and often is counteracted by the laying on of fat 
which comes from the non-nitrogenous moiety of the proteid. 

Feeding with fat.—If an animal receives fat only, the nitrogenous excreta are 
derived from the disintegration of tissue without any corresponding quantity of 
nitrogen being supplied in exchange in the food. When fat only is given, or + 
large excess of fat exists in the food, the respiratory quotient falls. by feet! 
dogs with a mixture of fat and flesh, Pettenkofer and Voit's ' experiments gave si 
inconsistent results that no conclusion can be drawn from them F. Hofmann: 
however, was more successful. After a period of inanition a dog was fed vt 
mixture of a large amount of fat and mall amount of proteid. After deat. 
the quantity of fat found in the body was such that only a small part could hive 
been derived from the proteid, the greater amount being directly derived from the 
fat of the food. The animal, moreover, lays on fat in which palmitin, stearin, 
and olein are mixed in a definite proportion ; this proportion is often different ir 
the fat of the food. In addition to this an animal will fatten (laying on fat witt 
its usual composition) on fatty food, such as spermaceti, which contains 1 
glycerides. 

Feeding with carhohydrates.—The respiratory quotient approaches unit! 
when carbohydrates alone are taken, So far as regards nitrogen the aninutl 
in a state of inanition, as when fat alone is taken, If given in combinatiw 
with other foods, both carbohydrates and fat act as proteid-sparing foods (* 
p. 602). 

The table on the nest page is from Pettenkofer and Voit,tand illustrates sts" 
happens in a dog on a mixed dict of flesh and carbohydrates. 

Even when the diet consists wholly of carbohydrates, fat is laid on; the 31 
laid on when meat and starch are both present in the food comes partly from t! 









































2 Ibid. v 


3 Tid. ix. 485. 








EXCHANGE OF MATERIAL 887 




















Food "engine tmty | Yat F 

i 

| } Amoant | | ! _ 

i of penne” pret Yara | Lot 

starch | sugar | Fat powed eats “nel oF feel | food 
vreulated et 8 | other 

Htromaren He holy body gan fat 

» excreted t 

‘ o Gun 22 193 : 22 i} 
40210 io 436 Jeet 
wo 1 — | 38 ed 
{toe F a3 TB : x 
foo. 16 ‘ tr ‘1 
ton | west m7 16 
two | 379 uu oon +192 | 3s 
tooo) a 4 | ours 38 a 

van | 37) = | ao | age 331 1a j 

200 2512 +12 a | 





proteid and partly from the carbohydrate of the food. When no carbohydrate is 
given at all, as in the last experiment, the nitrogenous metabolism is raised. 
‘Carbobydrate food is thus when given with other foods both fat-sparing and pro- 
teid-sparing. It is difficult on chemical grounds to explain the formation of fat 
from carbohydrates. The fact was first observed in pigs by Lawes and Gilbert, 
and has since been conlirmed by numerous investigators.’ 





The origin of fat.—Prof. Foster? thus sums up the conclusions he 
has arrived at from a study of the chief researches on this subject 

1, Fat is actually formed in the body, and is not exclusively, if at 
all, fat merely stored up from the fat of the food. 

2. The carbon elements of the newly formed fat may be supplied 
either from carbohydrate food, or from the carbon surplus of proteid 
food, or from fats taken as food which are not the natural constituents 
of the body fat. 





One of the most important instances of the carbohydrate origin of fat is the 
formation of bees'-wax. A chemical link between carbohydrate: and fate is the 
fact that butyric acid is obtainable from starches and xugars (p. 108). 

Instances of the formation of fat from proteids are (1) the laying on of fat 
in carnivorous animals; (2) the formation of adlipocere (p. 426): (8) the gradually 
increasing quantity of fat in old checses. 

The most striking examples of the formation of fat by intracellular metabolic 

is seen in fatty degenoration, and in that special form of this degenera- 
tion that occurs in the formation of milk. The blood contains a mere trace of fat, 
<0 milk formation is no mere filtration process. The food may, as in the case of 
cows, contain little oro fat. 





1 Among the more recent may be mentioned Meiwsl, Zeit. Biol. xxii. 68; and Rubner, 
Tbid. p. 272. 

? Tezt-book, 5th edit. p.776. The chief references to literature relating to this subject 
will be found in « paper by Voit, Zeit. Biol. v. 79. 

+ Compare Bunge’s view, p. 706. See alvo Hofmann’s experiments, p. #36. 
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3, The fat stored up appears as granules or drops deposited in the 
cell-substance, and the increase of fat in the cells is accompanied first 


bya growth, and subsequently by # consumption of the cell-substances 


Feeding with gelatin.—A diet containing gelatin alone will not support life 
This fact is somewhat remarkable when one considers the closely allied chemial 
nature of gelatin and proteids. When gelatin alone is given the body waste, 
and the urea excreted is diminished, as in inanition. If an enormous amount of 
gelatin is given the urea increases. Gelatin, however, like carbohydrates and fats, 
appears to be a ‘ proteid-sparing’’ food, and if given mixed with proteids seams to 
protect the proteids from oxidation. Gelatin can thus be substituted for a part of 
the proteid in the food. 

‘The following table is much abbreviated from the fuller ones given by Voit': 
it illustrates the facts mentioned above :— 














500 | 200 


Fool ' 
| = a == == | Dally loss oF gain in ramen 
Meat Fat | Gelatin : 
| o 0 | 0 
0 200 200 
| 200 200 200 : 
300 | 200 200 + 32 
300 200 | 100 — 8 
| 0 : — 136 


The dog experimented on weighed 40 to 60 kilos. Without food it lx 
338 grammes of flesh daily ; 500 grammes of meat with fat was an insufficiest 
diet for the animal, for even then it lost 136 grammes of flesh. But 300 gramme 
of meat with 200 of gelatin were sufficient for it; it even gained weight. 
Gelatin is largely used in the form of jellies in the sick-room. Its value appear 
to be, not that it is itself nutritious, but that mixed with proteid food it enable 
the patient to get on with less proteid, owing to the sparing action it exereises-a 
proteid metabolism. 

Feeding with peptones.—In the present day, when artificially digested fox's 
are so much employed, it is of great importance that their nutritive value shoukl 
be known. Here experimental and clinical evidence cuincide in a most favourable 
way in relation to their nutritive value. The first experiments on this subject 
were made by Plosz? and Maly.? As our knowledge since that time has advanes: 
on the subject of albumoses and peptone, I shall quote only a recent experiment 
the results are, however, similar to those of earlier investigators. 

Politzer ' fed a dog for successive periods on meat, peptone, proto-albumes. 
hetero-albumose, and gelatin. The table on the following page gives the resultse! 
nitrogen estimations in food and excreta. 

It will be seen that peptones and albumosex have the same nutriti 
meat, this result contrasting with the loss of nitrogen and body 
gelatin is employed. 








! Zeit. Bivl. viii. 330; and Voit and Hofmann, ibid. p. 347. 
1 Pfliiger's Archit, ix. 328. 3 Ibid. p. 585. 4 Tbid, xxxvii. 301. 
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‘Nitrogen 

Diet Numberofiays' — -- - - — eae 

+ In foot ‘Tnurine teces| Gain or lose 

Met . . . 6 i 1-9 gr. | +08 gr. 
. Peptone . 2 | 18, +06 ,, 
. Meat : 3 195 +05, 
. Proto-albumose a 18.5, +06, 
Hetero-albumose - 1. wal MT +08 5, 
Meat ees 4 | LT, | 4045 
Gelatin 3 | 28) =05 
Meat 4 17, | $04. 





Effect of Varying External Conditions on Exchange of Material 


Effect of atmospheric temperature.—In warm-blooded animals the effect of a 
low surrounding temperature is to increase katabolism, or combustion in the 
body ; the body loses more heat, and therefore more must be produced to keep the 
animal's temperature within normal limits. The effect of a rise of atmospheric 
temperature is the reverse. The effect of cooling the skin and the corresponding 
increase in metabolism are well shown by an observation of Weiske’s' on the 
shearing of sheep. After shearing they excreted daily 1 gramme of urea more 
than before shearing. In cold-blooded animals, i.e. at whose temperature 
varies with that of the surrounding atmosphere, a rise or fall of the latter ix 
accompanied respectively with a rixe or fall of combustion in the body. 

Influence of light (see p. 211). 

Alterations of body-temperature.—If the changes of the external temperature 
are so great as to cause a rise (as in steam-baths—Bartels,? Naunyn,* Scheich ¢) 
or a fall (ax in hibernation) of body-temperature, the metabolic changes are in- 
creased and decreased respectively as in cold-blooded animals. 

Effect of compressed and rarefied air.—The influence of these factora on the 
respiratory exchanges has been described on p. 37%. Experiments relating to 
their effect on the discharge of urea are contradictory, Bert * and Hadra ¢ finding 
that compresse: air caused an increase in the excretion of urea, Frinkel’ finding 
no such increase. In rarefied air Friinkel found in some of his experiments an 
increase, in others no increase in the urea excrete. In dyxpneeic conditions, 
where the sapply of oxygen is deficient, the urvu increases, and the respiratory 


quotient ao becomes greater than unity (Friinkel.* Herter *). 


Effect G riocit of blood from the body. ‘The chief effect of a removal of blood 
from the body ix the speedy formation of new bloul-corpuscles.. The intake of 
oxygen and discharge of carbonic acid are lessened], and the output uf urea is 
increased (Bauer," Jolyet and Regnard), The menstrual flow and epistaxis in 
strong, healthy people cause no alteration in exchange of material. 


' Hoppe-Seyler'n Med. chem. Unters. Heft 





















pain, 


2 Pathol. Unterauch. 1864. 3 Arch. f. Anat. u. Physiol. 1870, 
3 Arch. f. exper. Path. iv. #2. > La pression barometrique, Paris, 1878, p. 825, 
Med. ii. 1. 








© Diss. Strasburg, Berlin, 1879. 7 Zeit, kli 
+ © Centr. med. Wiss. 1875, No. 44. © Hopp 
" Gaz 


sera Physiol. Chem. p. 954. 
de Paria, 1877, pp. 179, 190. 
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Effect of increasing the volume of blood.—The injection of the blood from ove 

animal into that of another causes a greater or less destruction of the first animal's - 
blood-corpuscles. The effect, however, varies much with the species of aninal 
used, and appears to be due to the solvent effect of the second animal's serum; 
it is especially marked when the two animals belong to different species. The 
effect on the urine is a slight increase in the discharge of urea; the effect is 

_ Tather greater when serum instead of defibrinated blood is injected (Forster*). 


Exchange of Material under the Influence of Organic and Inorganie 
Substances used as Foods, Drugs, or Poisons 


Lactic, acetic, tartaric, and succinic acids, asparagine, and glycerin ae 
oxidised in the body to form carbonit acid and water, and, like carbobydrates and 
fat, are ‘ proteid-sparing ’ materials (Hoppe-Seyler,! Weiske,* Lewin *), Glycerin 
passes partly as such into the urine (Tschirwinsky*). Glycerin increases the 
liver glycogen (Weiss, Luchsinger, Salomon ; sec p.543). Pure glycerin increases 
the excretion of uric acid (Horbaczewski’). 

Phenylacetic acta produces increased proteid metabolism (Salkowski*). 

Alcohol in small quantities diminishes (Beck and Bauer®), in large doses 
increases the output of carbonic acid (Parkes). The effect on urea is small or 
none at all (Parkes, Munk "), 

Coffee produces the same effects as alcohol (Hoppe-Seyler,'? Voit"), The 
effect of various drugs on the output of urea is given on p. 724. 

Water stimulates metabolic activity, and also assists in washing out the pro- 
ducts of metabolism from the tissues to the place where they are excreted. 

Sodium chloride is also essential for the due discharge of metabolic fanctiot 
(see also p. 61). 

Phosphates appear to be equally necessary (see pp. 62, 256). 

Calcium and potassium salts, especially the former, are normal constituents of 
the body, and without a due supply of these the body wastes. 

Phosphorus-poisoning is accompanied with a rapid fatty degeneration of the 
liver, and the appearance of leucine and tyrosine in the urine. The body wastes 
quickly. There is an increased output of nitrogen, both as urea and uric arid 
(Storch, Bauer," Friinkel '*), 

Arsenio and antimony poisoning produce the same effects, but in a much les 
marked manner (v. Bocck,'? Weiske,'* Giihtgens,"* Kossel™). In very small doses 
antimonious oxide produces little or no increase in the discharge of urs 











1 See E, A. Sehiifer, Keport on Transfusion, Trans. Obstet. Soc. xxi. 
2 Sitzungob. d. Bayer. Akad. a. Wiss. July 3, 1876. 
957. * Zeit. Biol. xv. 961 (on asparagine’. 








also Munk, Arch. pathol. Anat. Ixxvi. 119 (on 
© Zeit. Biol. xv. 252. 1 Monatsh. Chem. vi 
* Zeit. physiol. Chem. xii. 267. ® Zeit. Biol. x. 361. 


10 Proc. Roy. Soc. 1870, Nos. 120 and 123, 

M Verhandl. d. physiol. Ges. Berlin, 1879. No. 6. 

1 Physiol. Chem. p. 958. 

13 Unters. u. d. Einfluss d. Kocksalz, Kaffee, dtc. Miinchen, 1860, p. 67, 
M4 Der acuten Phosphorgiftung, Copenhagen, 1865. 





1S Zeit. Biol. vii. 68; xiv. 527. 1 Zeit. physiol. Chem. iv. 430. 
W Zeit. Biol. xii, 512, 18 Journ. f. Landwirthsch. xxiii. 317. 


1 Centr. med. Wiss. 1876, pp. 321, 833. % Arch. f. exper. Path. v. 128. 
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«Chittenden and Blake’). In small doses arsenic diminishes the excretion of 
carbonic acid (Chittenden and Cummins?). Among other substances that. 
similarly diminish the output of carbonic acid, Chittenden and Cummins place 
uranium salts, copper sulphate, and tartar emetic; morphine, quinine, and 
<inchonidine having little or no effect. Ferric chloride, according to Rabuteau,? 
increases the excretion of urea, according to Munk ¢ it does not. 





Exchange of Material in Diseases 


Fever.—Fever i; a condition in which the temperature of the 
body is raised above the normal, and the degree to which it is 
raised is a measure of the intensity of the febrile condition. A 
rise of temperature may be produced either by increased production 
‘of heat, due to the increase of katabolic processes in the body, or to 
a diminished loss of heat from the body. A mere increase in the 
production of heat does not necessarily produce fever. By adminis- 
tering an excess of food, combustion is increased in the body: but 
in the healthy individual this does not produce a rise of temperature, 
because pari passn with the increased production, there is increased 
Joss of heat. Similarly, diminution in the loss of heat, such as occurs 
on a hot as compared with a cold day, does not produce fever, because 
the production of heat within the body is correspondingly diminished. 
In fever there is increased production of heat, as is seen by the study 
of exchange of material ; the intake of food is, as a rule, very small ; 
the discharge of nitrogen and carbon results from the disintegration 
of tissues, which, as compared with that in simple inanition, is large ; 
the tissues are said to be in a labile condition, that is, they are easily 
broken down. In most febrile states, the skin is dry, the sweat-glands, 
like most of the secreting organs of the body, being comparatively in- 
active, and so the discharge of heat is lessened. The skin may, how- 
‘ever, sometimes be bathed in perspiration, and yet high fever be present. 
The essential cause of the high temperature is neither increased for- 
mation nor diminished discharge of heat, but an interference with the’ 
reflex mechanism, which is health, operates so as to equalise the two. 

Tnereased nitrogenous metabolism in fever has been observed by 
‘Huppert and Riesell > in pneumonia, by Schimanski® in pywmic con- 
ditions, by Naunyn’ and Sydney Ringer" in other febrile conditions. 
Ringer showed the correspondence in temperature and output of 
nitrogen very clearly in intermittent fever (ague). 

} Studies from Lab. Physiol. Chem. Yale Unie. ii. #7. 2 Ibid. 900. 

3 Compt, rend. Ixxxvi, 1160. 

4 Verhandl. d. phy su Berlin, June 8, 1479. 


3 Arch. f. Heilk, vi, 238; x. 829, © Zeit, physiol. Chem. 
7 Arch. f. Anat. u. Physiol. 1870, p. 159. © Med. Chir. Trans. xiii. 
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‘What is known as the epicritical increase of urea' is the greatly 
increased secretion of urea that occurs at the commencement of the 
defervescence of a fever. It is probably not due to an increased for- 
mation of urea, but to the removal of urea which has accumulated, 
owing to the fact that the kidneys have been acting sluggishly during 
the height of the fever. 

Increased output of carboni¢ acid in fever was shown to exist in 
guinea-pigs by Pfliiger and Colasanti (see pp. 373, 374), in dogs by 
Frankel? in men by Liebermeister and others.* 

Other changes noted in fever are a rapid loss of the liver glyco 
gen, a lessening of chlorides in the urine (see p. 760), and the appearance 
of pathological instead of normal urobilin in the urine (see p. 750). 

The following table illustrates exchange of material in fever, no 
food being taken (Burdon-Sanderson *) :— 














Nitrogen Carbon Excretions | Nitrogen Carton 








‘ 
i 


Proteid, 120 gr. 18°6 | Urea and uric acid, | 











Fat, 2057gr. . 00 =) o74 |) 40gr. . 
| — | —— [Respiration — (CO, 


| 18-6 221-0 TO gr. . . 00 
i 





Diabetes mellitus.—In addition to the presence of sugar in the 
urine in this disease, the most marked symptoms are intense thirst awl 
ravenous hunger. Asa rule, diabetic patients digest their food well. 
The thirst is an indication of the necessity of replacing the lary 
quantities of water lost by the kidneys ; the hunger, that of replacing 
the great waste of tissues that occurs. For not only does the urine 
contain sugar, but, in addition, a great excess of urea and uric acid. 
The carbonic acid output is somewhat smaller than in health. In health 
the carbohydrates, after assimilation, give rise, by oxidation, to cat- 
bonic acid ; in diabetes, all the carbohydrates do not undergo this 
change, but pass as sugar into the urine. Not that all the sugar 
the urine is derived from carbohydrates, for many diabetics continue 
to pass large quantities when all carbohydrate food is withheld ; under 


1 Cohnheim's Pathology. 2nd German edit. vol. ii, p. 582. 

¥ Arch. puthol. Anat. Ixxvi, 136, 

3 For references, sce Senutor, Unters. ii. d. fieberhaften Process und seine Beha! 
lung, Berlin, 1873. 

+ Practitioner, April, May, June, 1876, 
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from the food direct, but from the tissues; the food becomes a: 

similated, and takes the place of the tissues thus disintegrated. 

Again, let us suppose the food to be increased in quantity ; the 

excretions are also increased. Here the increased intake of food 
stimulates the tissues to increased combustion, pushing, as it were, the 
old out of the way to make room for the new. Let us suppose we 
have a tube open at both ends and filled with a row of marbles: if an 
extra marble is pushed in at one end, a marble falls out at the other: 
if two marbles are introduced instead of one, there is an output of 
two at the other end ; if a dozen, or any larger number be substituted, 
there is always a corresponding exit of the same number at the other 
end of the tube ; the marbles that fall out are equal in number t 
those put in at the other end, but the marbles that fall out are different 
ones from those put in. This very rough illustration may perhas 
assist in the comprehension of the metabolic exchanges. 

The difficulty just alluded to, which a student feels, was also felt 
ly the physiologists who first studied metabolism ; and Voit ! form 
lated a theory, of which the following is the gist : All proteid taken 
into the alimentary canal appears to affect proteid metabolism in twe 
ways ; on the one hand, it excites rapid disintegration of proteids, 
giving rise to an immediate increase of urea ; on the other hand, it 
serves to maintain the more regular proteid metabolism continually 
taking place in the body, and so contributes to the normal reguke 
discharge of urea. He, therefore, supposed that the proteid whic 
plays the first. of these two parts is not really built up into the tiswn 
does not become living tissue, but undergoes the changes that give rit 
to urea, somewhere outside the actual living substance. Consequenth. 
he divided the proteids into ‘ tissue-proteids,’ which are actually bi? 
up into living substance, and ‘floating or circulating proteids,’ whichar 
not thus built up, but by their metabolism outside the living substan 
set free energy in the form of heat only. It was at this time erro 
ously supposed that the exclusive use of proteid food was to sup} 
proteid tissue elements, and that vital manifestations other than he 
had their origin in proteid metabolism, the metabolism of fats a 
carbohydrates giving rise to heat only. Hence, when it was first st 
mised that a certain proportion of proteids underwent metaboliss 
which gave rise to heat only, this appeared to be a wasteful expend 
ture of precious material, and the metabolism of this portion of f 
was spoken of as a‘ luxus consumption,’ a wasteful consumption. Tht 
were many deductions from this general theory to explain partiu 
points : of these two may be mentioned: (1) Tn inanition, the om 





"Zeit. Biol, x. 224 
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discharged for the first few days is much greater than it is subsequently: 
this was supposed to be due to the fact that in the first few days all 
the floating capital was consumed ; (2) the effect of feeding with a 
mixture of gelatine and proteid (se p. 838) was supposed to be due 
to the fact that gelatin was able to replace ‘floating proteid,’ but 
not ‘tissue proteid.’ 

This theory of Voit’s, ingenious and plausible at first sight, has met 

+ with but little general acceptance, because so many observed facts 
are incompatible with it, and I cannot do better than conclude this 
cbapter by giving the opinions of three eminent physiologists on the 
question. 

Professor Michael Foster' writes as follows: ‘The evidence we 
have tends to chow that in muscle (taking it as an instance of a tissue) 
there exists a framework of what we may call more distinctly living 
substance, whose metabolism, though high in quality, does not give 
rise to massive discharges of energy, and that the interstices, so to 
speak, of this framework are occupied by various kinds of material re- 
lated in different degrees to this framework, and therefore deserving tu 
be spoken of as more or less living, the chief part of the energy set free 
oming directly from the metabolism of some or other of this material. 
Both framework and intercalated material undergo metabolism, and 
have in different degrees their anabolic and katabolic changes ; both 
are concerned in the life of the organism, but one more directly than 
the other. We can, moreover, recognise no sharp break between the 
intercalated material and the lymph which bathes it; hence such 
phrases as “tissue proteid” and “ floating proteid” are undesirable if 
they are understood to imply a sharp line of demarcation between the 
“tissue” and the blood or lymph, though useful as indicating two 
different lines or degrees of metabolism.’ 

Profeasor Burdon-Sanderson * writes as follows : ‘The production 

*. of urea and other nitrogenous metabolites is exclusively a function of 
“ living material ” ; and this process is carried on in the organism with 

|. an activity which is dependent on the activity of the living substance 
iteelf, and on the quantity of material supplied to it. No evidence at 
present cxists in favour of a “ luxus consumption ” of proteid.’ 

$ Professor Hoppe-Seyler,? after stating that he can make out no 

elear distinction between the two varieties of proteid from Voit’s own 

& writings, proceeds as follows: ‘ Voit states that the circulating proteid ix 

# noother than that which is dissolved in the tissue juice, which is derived 

’ 

‘ 

. 


1 Tezt-book, Sth edit. pp. #25, 426, 7 Syllabus of Lectures, p. 87. 
* Physiol. Chem. p. 974. 
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from the lymph-stream, and ultimately from the circulating blood 

He (Voit) further says: ‘‘ As soon as the proteid of the blood-plams 

leaves the blood-vessels, and circulates among the tissue elements 

themselves, it is then the proteid of the nutrient fluid or circulating 
proteid. It is no longer proteid of the blood-plasma, nor yet is it the pro- 
teid of the lymph-stream.” The place where Voit situates his circulating 
proteid is beyond the ken of the anatomist ; it is in a mysterious space 
between tissue-elements, blood-vessels, and lymph-vessels ; the chemist 
meets with equal difficulties, as there is apparently no chemical differ- 
ence between tissue proteid and circulating proteid. I can, therefore, 
arrive at no other conclusion than that these terms are not only useles, 
hut unscientitic, and are the outcome of speculations in a region where 
there ix ax yet no positive knowledge. These criticisms on Voits 
theories do not, however, by any means, lessen the importance and 
high value of the immense amount of practical research carried on by 
Voit and his pupils.’ 

I have placed Professor Foster's view first because it takes int 
account certain facts which tend to show that there are degrees in 
metabolism. The most important of these seems to be the formation 
of nmido-neids in the intestine. The fate of tyrosine is uncertain; but 
it is an undoubted fact that by feeding an animal on leucine, the urea 
is increased. The transformation of leucine into urea occurs in the 
liver. It can hardly be supposed that leucine becomes to any great 
extent an integral part of the living framework of the liver cells, but 
like other extractives, and like aromatic compounds absorbed from the 
alimentary canal, it becomes a part of what Foster terms the inter 
calated material. Here it undergoes the final change, and is ulti 
mately and apparently very rapidly discharged in the urine. Dr. 
Sheridan Lea! has recently discussed in a very able manner thr 
probable rife of the amido-acids in the animal economy, and he on. 
pares it to the part played by the salts of the food. Neither salts 1 
extractives simply pass into the urine without fulfilling a useful pur 
pose on their way : but the exact and specitic use of each. whether 
the synthetic or analytic side of metabolic phenomena, must he ti- 
subject of renewed research. 








1 Journ. uf Physiol. vol. xi. 262, 
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Although certain mechanical actions, such as friction, due to move 
ments of various kinds, may contribute a minute share in the produc- 
tion of heat in the body, yet we have no knowledge as to the actual 
amount thus generated. The great source of heat is, as already statel, 
chemical action, especially oxidation. Any given oxidation will always 
produce the same amount of heat. Thus, if we oxidise a gramme of 
carbon, a known amount of heat is produced, whether the element be 
free or in a chemical compound. The following figures show the 
approximate number of heat-units produced by the combustion of one 
gramme of the following substances. A heat-unit, or calorie. is the 
amount of heat necessary to raise the temperature of one gramme of 
water 1° C. (see also p. 605 e¢ seq.) :-— 


Hydrogen... 8450 | Fat 1... 8008 
Carbon. =... 8100 «| Canesugar 5... BBS 
Uren... 2208 Starch... SMR 
Albumin 5. 4998 

The question of the heat-value of various foods has been alreadr 





discussed (p. 606). It is, however, most important to remember that 
the ‘physiological heat-value’ of a food may be different from the 
«physical heat-value,’ i.e. the amount of heat produced by combustion 
in the body may be different from that produced when the same 
amount of the same food is burnt in a calorimeter. This is especially 
the ease with the proteids, for they do not undergo complete combus 
tion in the body, for each gramme of proteid yields a third of a gramne 
of urea, which has « considerable hent-value of its own. Thus albumin. 
which, by complete combustion, yields 499% heat-units, has a phys 
logical heat-value=4998 minus one-third of the heat-value of una 
5) = 4908 — 735 = 4263. 

Of the heat produced in the body, it is estimated by Hehuholt 
that about 7 per cent. is represented by external mechanical work. 
and that of the remainder about four-fifths are discharged by radiation 
and evaporation from the skin, and the remaining fifth by the lung. 
and excreta, 

The following table! exhibits the relation between the productions 
and discharge of heat in twenty-four hours in the human organism 
rest, estimated in calories? The table conveniently takes the form of 
a balance-sheet in which production and discharge of heat are con 















1 See Dr, Sanderson's Syllabus of Lectures, p. 42. 

¥ The caloric we are tuking is sometimes culled the emul calorie; by xome the wer! 
calorie ix uved to denote the amount of heut necessary to raise one kilogramme of 
water 1° C, 
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| and the respiratory activity! The great regulator, however, is un- 
doubtedly the skin, and this has a double action. In the first place, 
iat regulates the loss of heat by its vasomotor mecbaninn’; the anore 
blood passing through ha sc te ren a ae ee 
conduction, radiation, and evaporation. Conversely, the loss of heat 
is diminished by anything that lessens the amount of blood in the skin, 
| such as constriction of the cutaneous vessels, or dilatation of the 
splanchnic vascular area, In the second place, the special nerves of 
#weat-glands are called into action. Familiar instances of the com- 
bined action of these two sets of nerves are the reddening of the skin 
and sweating that occur after severe exercise, on a hot day, or in a 
hot-air or vapour bath, and the pallor of the skin and absence of sen- 
sible perspiration on the application of cold to the body. 
| Regulation by cariations in production.—The rate of production of 
heat in a living body, as determined by calorimetry, depends on a 
variety of circumstances. It varies in different kinds of animals, The 
general rate of katabolism of a man is greater than that of a dog, and 
of a dog greater than that of a rabbit. Probably every species has w 
specific coefficient, and every individual a personal coefficient of heat- 
production, which is the expression of the inborn qualities proper to 
the living substance of the species and individual. Another factor is 
the proportion of the bulk of the animal to its surface area, the struggle 


for existence raising the specific coefficient of it in which the 
ratio is high. Other important considerati the relation of the 
intake of food to metabolic processes, and the t of muscular work 


which is performed. These various influences are themselves regulated 
by the nervous system, and physiologists have long suspected that 
afferent impulses arising in the skin or elsewhere may, through the 
‘central nervous system, originate efferent impulses, the effect of which 
would be to increase or diminish the metabolism of the museles and 
‘other organs, and by that means increase or diminish respectively the 
amount of heat there generated, That such a metabolic or thermogenic 
nervous mechanism does exist in warm-blooded animals is supported by 
the following experimental evidence -— 

(1) Though in cold-blooded animals, a rise or fall of the surround- 
‘ing temperature causes respectively a rise and fall of their metabolic 
activity, in a warm-blooded animal the effect is just the reverse. 
‘Warmth from the exterior demands a diminished production of heat 
in the interior, and wice cersd. 


! The panting of a dog when overheated is « familiar insténee of thin. A dog also, 


under the same circumstances, puts out ite tongue, and Somes heat from the avaporation 
‘that occurs from its surface. 


are 
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ABR ALK 
k Adipocere, 427, 837 
Adipose tissue, 71, 72, 468, 487 
ApErs, 133 Adrenals, see Suprarenals 
‘Abrus precatorius, 182, 133 Aérobic organisms, 164 
‘Absorptiometer, 284 ‘Aérotonometer, 386 


Absorption, 827, 700 ; of carbohydrates, 
701; of proteids, 702; of fats, 704; 
the columnar epithelium during, 
708; lymphoid tiseue during, 705 

Absorption spectra, 48. See also pig- 
ments 

Absorptive power of coloured solu- 


ions, 
Acetic ‘acid, 70; 
840 


Acetone, 66, 70 

— in blood and urine, 314 

— in urine, 791 

Acetylene, 68 

— and hemoglobin, 282 
Achromatin, 197 
Achroo-dextrin, 105, 627 

‘Acid fermentation in urine, 767 





and metabolism, 


ys 

Acidity of urine, estimation of, 798 
Acids derived from glycols, 67, 71 
— fatty, 65, 70, 490, 662 
— free in body, 60 
- of bile, 86, 880, 68; 
— of gastric juice, 036, 639, 640 
Acrolein, 72 
Acrylic acid series, 69, 72 
Actiniochrome, 150 
Actinospherium, digestion in, 193 
Activity of reduction of oxyhsmoglo- 

bin, 285 
Acute yellow atrophy of liver, 313, 562, 

724,727, 7 
— —— the bile in, 688 
— —— the urine in, 769 
Adamkiewicz reaction, 121 
Adelomorphic cells, 633 
Adenine, 90, 203, 
‘Adenyl, 90 


Age, influence of, on food, 608; on 
metabolism, on respiration, 472 ; 
on urine, 711, 

Ague, 309, 555 

— discharge of carbonic acid in, 373 
discharge of urea in, 841 

Air-pump, mercurial, 30 

Alanine, 83 

Albumin in sweat, 820 

— in urine, 780. 

Albuminates, class of, 128 

Albuminoid degeneration, 144; of kid 
ney, 559; of liver, 551, 688 

Albuminoide, 143 

Albuminose, 644 

Albuminous glands, 

Albumins, class of, 

— derived, 128 

Albuminuria, experimental, 781: in dine 

7380 




















id, 358 
— in urine, 
Alcaptonuri 
Alcohol, effect of. on rexpiration, 374 
— in diet, 600 
— in intestine, 693 
— in muscle, 425 
— in stomach, 650 
— metabolism, and, K40 
Alcohols, 64, 68 
‘Aldehydes, 65 
— in proteids, 116 
Aleurone grains, 132, 14 
Alexis, St Martin, 630 
Alizarin, 109 
‘Alkali-albumin, 12s 
Alkalimetry, 16 
Alkaline fermentation in urine, 767 
— hematin, 288 
— tide, 714. 733 




















INDEX 


DEX 


- Dextrose, estimation of, 97 


. 


— in blood, 252, 547, 666 

— in normal urine, 766 

— in diabetic urine, 789 

— in sweat, 820 

— in urine, estimation of, 814 
Diabetes, cataract in, 565 





+ — metabolism in, 842 








the blood in 314 the urine in, 788 
— urea formation in, 724, 726 
Diabetic coma, 314 

13 


Dialysers, 

Dialysis, 13 

Diamines in urine, 174, 797. Seo also 
Ptomaines, Putrescine, Cadaverine 

Diarrhas, 698 

Diastase, 628 

— pancreatic, 656 

Diatomic alcohols, 67 

BBiaso-cesction in urine, 797 


— effect of, on metabolivm, 836 
Diffasion of fluids, 13 


— of gases within the lungs, 370 

— through living and dead membranes, 
18, 701 

Digestibility of food, 609 


Digestion in intestines, 652; in mouth, 

3 in rhizopods, 193; in stomach, 
4s 

Digestive juices, action of (sammary), 
6 


Digitalin, 109 
Dimethyl-benzene 
Dimethylxanthine, 601 
Dimorphism in crystals, 272 
Dioxindole, 79 
Dioxycholesteric acid, 532 
Dippel’s oil, 113 
Diptera, blood of, 328 
Direct cell-division, 198 
Direet-vision spectroscope, 48 
Disdiaclasts, 102, 436 
‘Dispirem, 201 
Dissociation, 384; tension of, 386; of 

oxyhwemoglobin, 386 
Distearyl-lecithin, 529 
Distillation, 13 
Dinretics, 711 
Doble's line, 398, 402 

ium galea, sulphuric acid in, 60 
Double refraction, 36 
of muscle, 402 

Dropsical fluids, 
—= — gises of, 3 
Dropsy, causes of, 332 
Drugs, influence of on bile secretion, 673 
— — On urea formation, 724 
— in milk, 589 
— in sweat, 820 
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EQU 
Drugs in urine, 766 
Drying, 11 
—in vacuo, 12 
Dutrochet’s endosmometer, 14 
Dumas’ method of estimating nitrogen, 


Dyaster, 201 
Dys-albumose, 646 
Dysentery, stools in, 698 
Dyslysin, 87, 681 
Dyspepsia, 650 
Dyspeptone, 644 
Dyspncea, 376 


EAR, the, 566 

Echinochrome, 319 

Echinoderms, blood of, 318 

Edible bird’s-nest, 186, 625 

Egg-albumin, 127, 594 

Eggs as food, 592; respiration in, 394; 
shells of, 592; white of, 593 ; yolk of, 
594 





Egyptian chlorosis, 308 
Elastic fibres, 478 
‘tissue, 467 
Elastin 143, 478 
— peptone, 475 
Elastoses, 145, 475 
Electrical organs, 439, 449 
— changes on muscular action, 434; on 
salivary secretion, 618 
Eleidin, 145, 452 
Elementary analysis, 19 
Elements found in body, symbols and 
combining weights of, 5 
0 









06 

Emulsin, 159 

Emulsion, 489 

— pancreatic, 662 

Emydin, 694 

Enamel, 469, 495 

Enchondromata, 497 

Endemic hematuria, 308 

Endolymph, 351 

Endosmometer, 14 

Endosmotic equivalent, 1 

Endothelium, 42 

Enterochlorophyl, 215 

Enzymes, se Unorganised ferment 

Epiblast, 184 

Ebicritical increase of uros, 849 i? 

Epithelium, 441; pavements 443 5 
‘columnar, ciliated, 443; secreting, 
448 ; compound, 451; of retina, 455; 








Equatorial stage in cell-division, 200 
Eduivalent, endosmotic, 14 
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FIs 


ula-bile, and gall-bladder bile, 676 

are, 674; gastric, 687; in- 

iy 

'» hysterical, 693 

.” Marxow on respiration, 387 

sehl’s bremometer, 283 

tr, 185 ; ux food, 398 

wrine in bone, 493, 494 ; in urine, 764 

al respiration, 394 

ker’s method’ of estimating uric 

ie, 808 

4, 56: proximate principles of, 
: the principal food-xtuffs (milk, 

» nent, &c.), 672; heat value of, 

848. See also Digestion 

and-month diseaxe, 90 

nic acid, 70 

nuke, empi 




















ical and constitutional, 


il bon 
tional 
eat coagulation, 119 
tenbofer's lines, 46 

nel, hot-water, 10 
uraldebyde renctis 
in, 149, 458 

ble caleulus, 74 





ion, 88, 682 





G 





Inixe, | 
ctosoope, 590 

ctose, 100, 103, 757 

tom cerebrin, 534 

-bladder bile and fistula bile, 676 
seretion of, 689 

¢ acid, 78 

-ntones, 68) 

28 

392, 679 

of blood-xeram, 380; of 
vod-corpusclex, 381; changes during 
‘culation, 382; with different pres- 
res, 383; tension of, 883 : of chyle, 
nph, effusions, 391; of pus, 392 
"intestine, 692 

! milk, 578 

* muscle, 428 ; of saliva, 302, 626; 
secretions, 302 

‘stomach, 651 












‘ urine, 764 

tie fistulas, 637 

fee, 680: physiology of secre- 
n of, 631: cells which secrete, 


3; composition of, 637; methods 
obtaining, 637; ‘nrtificial, 637 ; 
ids of, 638; ferments of, 641: 
sion of 643; pathological ‘condi- 
ns of. 649; of crayfish, 660; as a 
rmicide, 691 


GME 
Gastropods, blood of, 322, 323 
Geissler's specitic-gravity both, 15 
43, 471 
x of, on metabolism, 838 
n-peptone, 143 
Germination of seeds, 132, 136 
Germ-plasxma, 207 
Germ theory, 151 
Girgensohn's) method of precipitating 
proteids, 12 
Glazebrook’: ssictrophotmetet, co 
Gliadin, 1:36 
Globin, 288 
Globulinx, class of, :20 
Globuloxes, 129, 648, 
Glucic acid, 94 
Glucosamine, 455 
Glucosates, 115 











Glacoses, 92 
Glucoxides, 109 
Gluco-proteins, 115 
Glutamic 86 


Glutaminic acid, ee Glutamic acid 
Gluten, 133, 135, 5§ 
Glyceric acid, 69 
Glycerin, 68, 70, 491 
— effect of, on the liver glycogen, 342, 
544, 649 
Glycerol, see Glycerin 
Glycero-phosphoric acid, 529 
ine, 756 








Glycine, see Glycocine 

Glycocholic acid, 88, 680 

Gly 

—as an antevedent to urea, 726: 
uric acid, iB 7 











2 ae aia Of from bite, 681 

Glycocoll, ser Glycocine 

Glycogen, 106 

— in mnscle, 422 

— in pus-cellx, 363 

— in urine, 789 

— in white corpuscles, 260 

—of the liver, 539; preparation of, 
539; variations in amount of, 641; 
formation of, 542; fate of, 546; 
ferment theory relating to, 549 

Glycolic acid series, 67, 71 

Glyools, 67 

Glycosometer, 815 

Glycosuria, 789 

—from extirpation of pancreas, 558, 
663, 789 

Glycaronic acid, 80, 110 

~ aromatic compounds of, 740, 794 

— in urine, 793. 

Gmelin's test for bile, 683; in urine, 
119 
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FIs 

and yall-bladder bile, 676 

Fistula. biliarv, 674; gastric, 687 ; in- 
testinal, 664 

tulence, hysterical, 693 

Fleisch! v, Marxow on respiration, 387 

Fleischl's bemometer, 283 

Flour, 135 ; as food, 598 

Fluorine in bone, 493, 494; in urine, 764 

Festal respiration, 394 

Fokker’s method of estimating uric 
acid, 808 

Food, 56?; proximate principles of, 
569; the principal food-stuffs (milk, 
egxs, meat, &c.), 572; heat value of, 
606, 848. See also Digestion 

Foot-and-mouth disease, 590 

Formic acid, 70 

Bogmults, empirical and constitutional, 

Fossil bones, 494 

Fractional distillation, 18 

— heat coagulation, 119 

Frauenhofer’s lines, 46 

Funnel, hot-water, 10 

Furfuraldebyde re: 

Fuscin, 149, 458 

Fusible calculus, 774 

















ion, 88, 682 


G 


GaDININE, 179 





— from cerebrin, 534 
Gall-bladder bile and fistula bile, 676 
— secretion of, 689 





Gazes of bile, 302, 679 

— of blood, 378; of blood-xerum, 380; of 
blood-corpusclex,381 : changes during 
circulation, 382; with different pres- 
sures, 383; tension of, 883 : of chyle, 
lymph, effusions, 391; of pus, 392 

— of intestine, 692 

— of milk, 578 

— of muscle, 428 ; of saliva, 302, 626 ; 
of secretions, 392 

— of stomach, 651 

— of urine, 764 

Gastric fistulas, 637 

— juice, 630:' physiology of secre- 
tion of, 631: cells which secrete, 
633 ; composition of, 637; methods 
of obtaining, 637; artificial, 637; 
acids of, 638; ferments of, 641; 
action of 643; pathological ‘condi- 
tions of. 649; of crayfish, 650; as a 
germicide, 691 











OME 

Gastropods, blood of, 322, 323 

Geis«ler's specitic-gravity bottl-, 15 

Gelatin, 143, 471 

—- effects of, on metabolism, 838 

Gelatin-peptone, 143 

Germination of seeds, 132, 126 

Germ-plaxma, 207 

Germ theory, 151 

Girgensohn’s method of precipitating 
proteids, 

Glazebrook’s spectrophotometer, 52 

Gliadin, 136 

Globin, 288 

Globulins, class of, :20 

Globuloxes, 129, 648 

Glucic acid, 94 

Glucosamine, 455 

Glucosates, 5 











Glace. aot 

Glutamic aci 

Glutaminic acid, see Glutamic acid 

Gluten, 133, 135, 598 

Glyceric acid, 69 

Glycerin, 68, 70, 491 

effect of, on the liver glycogen, 54, 
544, 549 

Glycerol, see Glycerin 

Glycero-phosphoric acid, 529 

— in urine, 756 

Glycic acid, 94 

Glycine, see Glycocine 

Glycocholi¢ acid, 86, 680 

Glycocine, 81 

—as an antecedent to urea, 726; to 

ic acid, 735, 307 

muscle, 422 

— preparation of from bile, 681 

Glycocoll, see Glycocine 

Glycogen, 106 

—in muscle, 422 

— in pus-cells, 3633 

— in urine, 789 

— in white corpuscles, 260 

—of the liver, 6839; preparation of, 
539; variations in amount of, 541; 
formation of, 542; fate of, 546; 
ferment theory relating to, 549 

Glycolic acid series, 67, 71 

Glycols, 67 

Glycosometer, 815 

Glycosuria, 789 

—'from extirpation of pancreas, 558, 
663, 789 

Glycuronic acid, 80, 110 

— aromatic compounds of, 740, 794 

— in urine, 793 

Gmelin’s test for bile, 683; in urine, 
719 
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180 
Isotropic crystals, 271 
hte us substances, 36 
in muscle, 401 


JANTHININ, 150 

Jaundice, 311, 688 

— stools in, 649 

— urine in, 778 

Jecorin, 551 

Jelly-like connective tissue, 467 

Tequirity, see Abrus 

Johnson's method of estimating dex- 
troge, 99 

Joint-dixeases, 498 


K 
KanyoKiNEaia, 196, 198, 199 
Karyomitesis, ee Karyokinesin 
Katabolic nerves, 520, 852 


Kephalines, 524 

Kephir, 579, 585, 587 

‘Kerasene, 634 

Keratin, 145, 452 

Ketones, 66 

Kidney, composition of, 559 

— in gout, 510 

— structure and secretion of, 700 

Kjeldabl’s method of estimating nitro- 
3; in urine, 807 

Knapp's method of estimating dextrose, 





Koch on microbes and diseases, 309 

Kola-nut, 601 

Koumiss, 571, 585, 586, 587 

Kranse's membrane, 399 

Kryptophanic acid in urine, 758 

Kiihne on digestion, 645, 654, 657: 
muscle, 405; on retinal pigments, 
461, 464 











Laocwor, 16 

Lactalbumin, 583 

Lacteals, 332 

Lactic acid, 71 

— — and metabolism, 840 

— — in muscle, 409, 426, 433 

— — in nervons tissue, 516 

— — in rickets, 511; in osteomalacia, 
512 

— — fermentation, 103 

— — in stomach, 636, 639, 610 


LN 
Eesti anhydride, 426 
1, 426 





Tactontobalin, 583 

Lactometer, 15 

Lacto-protein, 584 

Lactose, 102, 586 : in urine, 737, 78 

Levorotatory substances, 44 

Lamellibranchs, blood of. 823 

Lardacein, 144 

Latex, 133, 135. 

Latham's theory of proteids, 116 

Laurent’s polarimeter, 42 

Lea's absorptiometer, 264 

Leather, 472 

Le Bel on circular polarisation, 43 

Lecithin, 78, 524, Be, 531 

— in muscle, 422; digestion of 531, 
662, 692, 797 

Lecithines, 524 

Leech extract, influence of, on biod, 
226, 229 





iS plants as fund, 599 
Lens, crystalline, 565 
Lepidoptera, blood of, 328 
Leptocephalus, blood of, 218, 267 
Leptothrix, 164 

Leucemia, see Leucocythremia 
Leuceines, 115 

Leucic acid, 71 

Leucine, 82 

— ax an antecedent to urea, 
— in 












Leueoeytes, acy W hite blood corpus 
Leucovythamia, 
— metabolism 
— the spleen 
— uric acid i 
Leucoeyto 
— in infla 
Leucomaines, 
Levulose, 99 
in urine. 110, 789 
Lichnin, 109 

Lieberkiihn’s jelly, 12% 
Liebermann’s reaction, 121 
Liebig’s condenser, 13 

— extract, 597 
— method of ultimate nalysis, 20 
— — of estimating chlorides, ¥01 

== urea, 722, 810 

Ligamentum nuchw, 474 

Light, influence of, on metaboliaw, 21 
— polarisation of, 36 

Lime in urine, estimation of, 805 
Limpet. liver of, 690 

Limulus, blood of, 328 

Lines of Frauenhofer, 46 


¥ 318 
5 
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LIN 

Linin, 197 

Lipaciduria, 756 

Lipemia, 315 

Lipochrin, 459 

Lipochromes, 148, 253, 465 

Lipomata, 497 

nor sanguinis, see Plasma 

Lithofellic acid, 699 

Litmas, 16 

Liver, the, 536; chemical composition 
of, 637; proteids of, 538; glycogen 
of, 539; fat of, 650; extractives of, 
550; inorganic constituents of, 551; 
pathological conditions of, 552 

— the blood in diseases of, 311 

— urea formation in diseases of, 724, 
726 

— extirpation of, 424, 727, 735, 755 

— of invertebrates, 690 

— secretion of, 668 

Living test-tube, 224 

Loew's theory of proteids, 116 

‘Ludwig’s circulating fluid, 257 

— method of estimating uric acid, 808 

Lung, composition of, 560 

Lange's nitrometer, 33 

Lupino-toxin, 137 

Lutein, 148, 293, 564 

‘Luxus consumption, 843 

Lymph, 831, 333 

— cells of, 258 

— gases of, 391 

— plasma, 331 

Lymphadenoma, 302, 556 

Lymphatic glands, composition of, 555 

Lymphoid tissue, 468 





M 


Maayeaia in urine, estimation of, 806 
= mixture (Salkowski's), 808 
Magnesium ualte in body, 62 


309 
Malic acid, 72 


Malpighian glomeruli, 709; tubex of 
insects, 727 

Malto-dextrin, 106 

Maltose, 103, 627 

— in muscle, 425 

— inversion of, 665 

Mammary glands, 672; diseases of, 











‘Masgarin, 1 487" 
Margarine, 586 
Marienbad cure, 375 
Marrow, 302, 468 


MIL 

Marrow, fat of, 496 

Marsh gas, see’ Methane 

Maté, 601 

Measures and weights, 3 

Meat as food, 596 ; salted, 597; smoked, 
597 

— effects of, on metabolism, 836 

Meconium, 697 

Medico-legal detection of blood, 295 

Medullary sheath, 520 

Medullic acid, 496 

Meibomian glands, secretion of, 823 

Melanemia, 453 

Melanin, 149, 453, 499 

Melanosis in insects’ blood, 330 

Melanotic sarcoma, 149, 499 

Melanuria, 501, 752 

Melicyl alcohol, 70 

Melitose, 108 

Melizitose, 108 

Mercurial air-pump, 30 

Mercnuric cyanide method of estimating 
sugar, 99 

— nitrate method of estimating urea, 
810 

Mesoblast, 184 

Mesoxalic acid, 729 

Meta-aromatic compounds, 76 

Metabolism, 827 

— in cells, 206; in muscle, 435, 436; in 
salivary glands, 618 

Metacresol in urine, 743 

Metakinesis, 201 

Metalbumin, ace Pseudo-mucin 

Metals in body, 62 

Metapeptone, 644 

Metaxin, 205 

Methwemoglobin, 278; crystals of, 279; 
spectrum of, 280 

~~ in bile, 685 
— in urine, 71 









776 

Methane, G4, 69; in intestine, 688 

Methyl, 

Methiptienzene, ih 

Methylglycocine, see Sarco-ine 

Methylhydantoin, 84 

Methylindole, sce Skatole 

Mothyl-orange, 16 

Methyl-uramine, 84 

Metric system, 3 

‘Metschnikuff on leucocytes, 706 

Microchemical reactions, 3 

Micrococcus, 164 

— urew, 81, 723, 767 

Micro-onganisns, classification of, 163 

Microscope, 3 

~~ polarising, 38 

Microsomes, 192 

Microspectroxcope, 49 

Milk, 672; microscopical appearances 
3x 
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MIL 
of, 674; reaction, specific gravity, 
amount secreted, composition, 575; 
artificial human, 677; cow's, 578; 
gases of, 578; other animals’, 579; 
proteids of, 540 ; coagulation of, 580; 
fats of, 686; sugar of, 586; extrac- 
tives of, 686; salts of, 687; preser- 
vation of, 588; in disease, 589; analy- 
sis of, 690; uterine, 592 

Milk-curdling ferment of pancreas, 659 

Milk-sugar, see Lactose 

‘Millon’s reaction, 121 

— reagent, 121 

Mitom, 192 

Mitosia, see Karyokinesis 

‘Model to illustrate polarisation of light, 
36 

Moisture in the air, 369 

Molecular weights, 26 

— — of carbohydrates, 93 

Molken-protein, see Whey proteid 

Mollities ossium, sce Osteomalacia 

Molluscs, blood of, 

‘Monaster stage in cell-division, 200 

Monatomic alcohols, 65 

Monobasic acids, 65 

Moore's test for sugar, 96 

Moulds, action of, on optically active 
substances, 45 

Mucedin, 136 

Mucic acid, 94 

Mucin, 144 

— in bile, 679; in connective tissues, 
476; in saliva, 622, 623 

x tissues, 502 














‘Mucinogen, 621 
Mucous glands, 620 


— membrane of month, secretion of, 








Mucus, 444 

= in urine, 771. See also Sputum 

Mulberry caleulus, 74 

Mulder’s theory of proteids, 114 

Murex, 150 

Murexide test. 89, 718, 729, 

Mnscarine, 17 

Muscle, 398; microscopic study of, 3985 
chemical composition of, 405; plasma 
and serum of, 406; clot of, 407 ; for- 
mation of acid in, 409; ferments in, 
412; proteids of, 412; rigor mortis, 
415; pigments of, 417; extractives of, 
418; ash of, 427: gases of, 428; 
respiration of, 429; contraction of, 

80 ; fatigue of, 433 : theories of con- 
traction of, 434; effect on urine of 
contraction of, 

Muscle-plasma and muscle serum, 406 

Muscular activity and respiration, 374 


























NIT 

Muscular respiration, 429 
— — investigation of, 29 
Musculin, 413 
Mycose, 108 
Mydaleine, 178 
Myelin, 620 
Myelines, 524 
Myelogenic leucocythremia, 302 
Myeloidin, 459, 460, 520 
Myo-albumose, 413, 415 
Myoglobulin, 413, 415 
Myohwmatin, 417 
Myolemma, sce Sarcolemma 
Myoproteose, 415 
Myoryctes Weissmanni, 400 
Myosin, 407 
— in cornea, 470 
Myosin-ferment, 412 
Myosinogen, 413 
Myosinoses, 129, 648 
Myronate of potassium, 109 
Myrosin, 159 
Mytilotoxine, 172 
Myxeedema, 304, 501, 

505 





w 


Nalus, 451 
‘aphthalene, 81 

Naphthylamine, 81 

Nascent hydrogen, 158, 749 

oxygen, 158, 749 

rosis, 513 

‘encki and Sieber on bivmatit 291 

‘eossidin, 486 

Neossin, 486 

ephridia, 727 

Nephrozymase, 735 

Nerve-cells, 518 

. 519; development of, 




















Nerve-fibre: 
degeneration of, 
Nerves of kidney, 710; of stom 
of salivary glands, sl 
weat glands, 818 ; trophic, % 
vous tissues, 514; reaction of, 
composition of, 516: proteids cf, 
phosphorised constituent of, 52 
Neuridine, 178 
Neurilemma, 520 
Neurine, 172, 179, 530 
Neurochitin, 520 
Neuroglia, 614 
surokeratin, 45: 
ieol's prism 
ric acid in urine, 764 
— oxide hemoglobin, 282 
Nitro-aérial particles, 434 
Nitro-benzene, 73 
Nitro-derivatives of proteids, 114 























460, 514, 520 
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TRI 
Tricaprylin, 73 

Trimargarin, 73 
Trimethylamine, 80 

Tri-methyl benzene, 75, 78 
‘Trimethylxanthine, 601 
Tri-nitro-phenol, 76 

Triolein, 73 

Tripalmitin, 72 
Triphenyl-rosanilin in milk, 690 
Tristearin, 72 

Trivalerin, 73 

Trommer's test for sugar, 95, 790 
Trophic nerves, 860 

— = of salivary glands, 618 
Trypsin, 655, 656, 657 

— in urine, 758 

Trypsinogen, 655 

Tryptones, 659 

T 661 


'ryptophan, 

Tubercle bacillus in milk, 590 

— in lymphatic glands, 656; in lung, 
561 











Tunicates, test of, 107 
Tunicin, 107, 456 
Turscin, 63, 150, 464 
Typhoid fever, gastric juice in, 650 
— — the bile in, 688 ; stools in, 699 
Typhotoxine, 173, 179. 

380 








Tyrian purple, 150 
Tyrosine, 78, 83 

—" aw an untecedent to urea, 726 
— in pancreatic digestion, 660 
— in urine, 769, 770 
Tyrotoxicon, 172 


U 


Una, 95 

Ultimate analysis of organic com- 
pounds, 19 

Ultra-red rays, 46 

Ultra-violet rays, 46 

al crystals, 271 

Unorganisel ferments, 146, 168 








in, 688 ; stools in, 699 

Urates, 49, 730 

= deposit of, in yx 

— deposit 

Urea, 8) ; preparation and 
Properties of, 721; compounds of, 
722; quantity of, in urine, 723; for- 
mation of, 7: 

— effect of mu 
3 


it, 509 
768, T70 















‘ular contraction on, 








extimation of, 810 
2 


— in Dood, estimation of, 261 


vac 
Ureometers, 812 
Urethan in urine, 758 
Uric acid, 88, 727; preparation and 
properties of, 728; decompositions 
of, 729; compounds of, 730; quantity 
of, in urine, 733 ; formation of, 734 
— as an antecedent to urea, 726 
-— deposit of in urine, 767, 770 
estimation of, 807 
in blood, estimation of, 262 
in leucocythzmia, discharge of, 813 
- in muscle, 421 
Urine, secretion of, 709; general cha- 
racters, quantity, and colour of, 711 ; 
transparency, turbidity, odour of, 713; 
reaction of, 714 ; specitic gravity and 
constituents of,715; quantitative com- 
position of, 715; examination of for 
normal constituents, 716; aromatic 
substances in, 738; pigments of, 74 
other organic constituents of, 754. 
inorganic constituents of, 759; ab- 
normal and pathological, 765; drugs 
in, 766; deposits in, 766; blood in, 
776 ; bile in, 778; proteids in, 780; 
in diabetes, 788 ; glycuronic acid in, 
793; fats in, 795; pyrocatechin in, 
Ikaloids in, 796; diazo-reaction 
: quantitative analysis of, 798. 
ee also Metabolism 
Urihometer, 15 
Urobilin, 312, 684, 697 Bitiary, 685 
in pernicious anremi 
normal, 747 ; pathological or febrile, 
750 
Urobilinoidin, 751 
Urocanic acid, 91 
-> in urine, 758 
Urocanin, 91 
Urochloralic acid, 794 
Urochrome, 751 
Uroerythrin, 761 
Urofuscobwmatin, 750 























Uromelanin, 752 
Uronitrotoluol, 794 
Uropittin, 752 





Uterine milk, 692 


Vv 


Vace 
Vacuol 
— exe! 






*, 168 
. contents of, 198 
tory, 194 
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PAR 

Parahwmoglobin, 287 

Paralactic acid, sce Sarcolactic acid 

Paralbumin, 144, 353 

Paralinin, 197 

Paralytic xecretion, 619 

— in intestine, 698 

Paramitom, 192 

Paramylum, 109 

Paramyosinogen, 412 

Para-oxy-phenyl acetic acid, 78 

— in urine, 740 

Parapeptone, 644 

Paraplasma, 192 

Parasites in the blood, 808 

in urine, 72 

Parietal cells of stomach, 633 

Parotid saliva, 625, 626 

Paroxysmal hwemoglobinaria, 777 

Partial pressure, 384 

Parvoline, 178 

Pasteur on circular polarisation, 44 

Pearl disease, 590 

Pearls, 495 

Pellagra, 566 

Penicillium glaucum, action of, on opti- 
cally active substances, 45 

Pentacrinin, 160 

Pepsin, 634, 641 

— in muscle. 411 ; in urine, 787 

Pepsinogen, 634, 635 

Peptogens, 632 

Peptones, 130, 644, 647 

— effect of, on metabolism, 838 

— in blood, 702; regeneration into 
serum-albumin, 703 

— injected into the circulation, 224 

—- in milk, 584 

Peptonuria, 786 

Percentage composition, and formule, 
26 

Pericardial fluid, 338, 347 

Perilymph, 351 

Peritoneal fluid, 342 

Pernicious anwmia, 300, 551, 555 

— diamines in, 174 

Peroxide of hydrogen in the body, 69 

Perspiration, sensible and insensible, 
818 

Pettenkofer’s test for bile, 88, 681 

— method of investigating’ gases of 
respiration, 367 

Pfiiger on syuthetic processes in ani- 
mals, 643 

Pfliiger’s pump, 30 

— theory of proteids, 115 

Phenacetolin, 16 

Phenol, 70, 75 

— in uring, estimation of, 742, 817 

— tests for, 76 

Phenolphthalein, 16 




















PLE 

Phenol-sulphate of potassiam in wine, 
742, 745, 746 

Phenylacetic acid and metabolina, 4 

Phenylglucosazone, 7 

Phenylhydrazine test for sugar, 9,10 

Phenylic acid, 713 

Phlebin, 382 

Phleboliths, 496 

Phlegmasia dolens, 305 

Phlobaphone, 95 

Phloridzin and diabetes, 544, 789 

Phosphates in the body, 62, 63 

= in urine, 761; in urinary depaiy, 
769, 770 ; estimation of, 802 

— and metabolism, 

Phosphaturia, 763 

Phosphorus, effect of, on liver elrcope, 
64: 

— estimation of, 23, 





-— tests for, 20 
- poisoning by, 813 
— -- metabolism in, 840 
Phrenoxine, 534 
Phthisis, 310 





Phyllocyanin, 213 
Phyllotaonin, 2133 
Phylloxanthin, 213 
Phylogeny, 183 
Phymatorusin, 499 
Phyt-albumoses, 135 
Phytosterin, 532 
Phyto-vitellin, 122, 132 
Pieric acid, 
~ test for proteids, 124, 784 
- for sugar, 96 
Pigments, classification of, 146 
— of bile, 682; of blood, 254, 2 
of faces, 696 ; of muscle, 417 
—- of pus, 364 
— of urine, 747 
Pineal gland, 496 
Piotrowski's reaction, 122 
Pituitary body, 496 
Plain muscle, 405, 416 
in, ace Leguniin 
Plant-myosin, 132, 
Plant-vitellin, sce Phyto-vitellin 
Plasma of blood, 227; preparation «. 
227; varieties of, 227; charactes 


























of lymph, 331; 
muscle, 406 

Plasma-globulin, 238 

Plasmochyma, 

Plasmodium, 

Plasmolysis, 207 

Plastin, ‘191. 102, 204 

Plattner’s bile crystals, 680. 

Pleochro: 

Pleural fi 
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Pleurisy, 346 

Pneumonia, 561 

Poikilothermal animals, 847 

Poisonous gases in reference to respie 
ration, 377 

— proteids, 137 

Poisons. action of, on bile, 688; in 
urine, 766 

Polar corpuscles, 200, 202 

— field of nucleus, 196 


Polarimeters, 41 
Polarisation, circular, 40 
— of light. 36 
Bolariscope, 97 





na Ge 
phism in crystals, 272 

Polyperythrin, 292 
Polypi, 497 
Potassium salts in body, 61 
— — and metabolism, 840 
estimation of, in urine. 803 
Poulton on insects’ blood, 324 
Pressare of air, effect of, on metabo- 

Tism, 839 
Primitive sheath, 520 








ST 





Prochroniatin 197 

Progressive pernicions anzemin, 300 

Propeptone, sce Proteosex 

Propionic acid, 71; in urine, see Lipa- 
ciduria 


Propyl alcohol, isomerism in, 66 

Propyl chloride, 74 

Protagon, 7: 

Protamine. 563 

Proteids, definition, 111; composition 
and constitution, 112; tests, 117, 
139; heat coagulation, 117; estima- 
tion, 126; classification of. 127; 
animal, 127; vegetable, 131; as poi- 
sons, 137 

= asacids, 3x2 

— us food, 571 

— of milk, 580 

— of nervous tissue, 

=-of plasma and serum, 














of in intest 
Proteislquotient, 





PYR 

Proteid-quotient in urine, 782 

Proteld-sparing foods, 603 

Protein, 114 

Protefn-chrome and protein-chromogen, 
661 

Proteolytic ferments, 158 

Proteoses, 128, 648, 

—- in milk, 684 

— in urine, 783 

Protic acid, 421 

Proto-albumose, 129, 646 

Protocatechuie acid in urine, 796 

Proto-elastose, 475 

Protoplasm, movements of, 186 ; chemi- 
cal and physical properties of, 19); 
proteids of, 192 

Proximate principles of body, 57 

— — of foot, 570 

Pseudo-cerebrin, 534 

Pseudo-chromatin, 197 

Pseudo-mucin, 144, 353, 446. 

Pseudoxanthine, 179 

Ptomaines, 169 

=~ separation of, 175; enumeration of, 

aaa in intestine, 531, 692 ; in urine, 


Pryaltn, 622, 626; preparation of, 626 
action of, 628; in urine, 758 

Ptyalinogen, 621 

Ptyalose, 627 

Pump, mercurial air, 30 





Pus, 361 
— corpnscles of, 362 
gases of, 39: 
— in urine, 70 
— pigments in, 364 
364 













Putrefaction in the stomach, 650 
intestines, 691; of proteids, 
See also Fermentation 







Py: seni 197 
Pyrenoida, 207 
Pyroeatechin, 77 
in cerebro-xpinal uid, 35 
748, 745, 796 
- - isomerides of, 76 
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